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Shewing what Great Things may be perform'd by 
Mechanick Engines, in removing and raiſing Bodics| 
of vaſt Weights with little ſtrength, or force ; and! F 


| | alſo the making of Machines, or Engines, for raiſing: | 
of Water, draining of Grounds, and ſeveral other 
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Ules. 
: TOGETHER 
With a Treatiſe of Circular Mcticn artificially fitted to Mecha- 


nick ule, ar.d the making of Clock-work, and other Engins. | | 


A Work pleafant and profitable for all ſorts of Men, from the higheſt to. ' 


| |. the loweſt Degree : And never treated of in E7g:ijþ bur once before, and: 
that but briefly. 
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Mong the chiefeſt and moſt uſeful ARTS, which 
k God, the moſt wiſe Artificer, hath granted to 
Mankind; this Noble Mechanick Art ts not the mea- 


neſt, and yet nevertheleſs, for the maſt part, the leaſt 


regarded, which I much admare ; it beg of ſuch ge- 


neral Uſe for all ſorts of Men, un making of Mills of 
Various kjnds, for Grindemg, Sawing, Pounding, &C. 


and Engmes for making Mines, and Coal-Pits, Raiſmg 
of Water, and other heavy Bodtes, likewiſe in making 


Clocks and Watches, &Cc. and alſo for ſeveral other 


Uſes, too long to mſert here. This Work hath been 


largely Treated of by ſeveral mgemous Men; in Italian, 


French, High-Dutch and Latin, v:z. Archimedes, 
Ariſtotle, Schottus, Steyinus, Guido Ubal-dus, 
Mereſnnus, Dechales and Caſlatus, but moſt larg- 
ly and learnedly by our Reverend Country-man Dr. Wal- 
lis iz his Mechanica, and by ſeveral others, which 1 
emit naming ; no one having writ of it in our Natzve 
Language that I have ſeen or heard if, but the Reverend 
Biſhop Wilkins, and he but briefly, and rather Hiſto- 
rically than fundamentally, In the following Treatiſe we 


have Cullefted thoſe things which are moſt pertment to- 
the Work, 'and divided the whole Treatiſe mts: 10 


Books, an” account whereof you have im the following 
Pages ; which being as kmdly received, as they are 
freely offered, wall obliege thoſe who are friends to all, 
but eſpecially to them that are Mathematically anclized. 
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Prop. VI. Concerning the Proportion of Weights on'the Ends of the Arms 
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Prop. VII. How to know what Quantity any Weight, or Moving Power; 
hath in reſpe& to another Quantity, by Perpendiculars drawn from the 

! Centre of the Ballance, or Beam, to the Line of Inclination, 28 
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Leavers depend, 29 
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| v4 to ſo many Powers equal to it (elf in Vir 
6s 2s its.Diftancg from the Prop contains the Diſtance of the-Weight 
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From Prop. VI. accrues feveral Praftices, which naturally, or experimental. - 
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hs 4 move any Weight with any Rower-by-a Leayerof the fir N...1 
econd Kind, 4r 
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"-fier rajile& above. the Horizqntal Lige than, bengaghy, from the Power on-- 
 Iy forcing downwards, ; | 46 
Prop. XII; When a Weight hath its Gps of. Gravity beneath the Leaver,. 
in a depreſled; Site,.or Poſition, leſs. Foxge is required than in any Horizons 
 tyl, and greater in an glevated Sir, © 5 *: this 
Prop. XILL If becauiſe of rhe Figure of the Prop, the. Poms: on which. the 
- Leaver raſts:borebapged, the Proportign.alſo.of the Virtue: of tha Powen 
- to the Reſiſtance, of: the, Weight will be changed, Wy 
Prop. XIV.” The Motor ofja Pawer gb.iqueta the. Leayer; is leſs. powertult 
- Haan, when night, | | 
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Powers ſuſtain a Weight whoſe Centre is above the 


 Leaver, in a declined Site, the Tower Power bears the greater Weight, 14:9. 
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Diſtance is a Perpendicular from the Prop to the Line of DireQion, 52 
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_ "requured'a Weight of 56 Pounds, and the Weight deſcend 20 Feet ; keep- 
_ * .ing the ſame Deſcent, a Weight that-ſhall move.the Clock 24 Hours will 
_ require to be 100 Pounds,.. _ -. I . 7 F 
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which raws by the other end.,. 
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Pop. X. Tir Diſpaſto, or two Pulleys, if the end of the Rope be fiftned to rhe 
moveable Snatch-block, and the Rope be turned abour the ſame Whee!, 
the Power will be tripled, or threefold, OE MAT a . 7 
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one only movable, the Power 1s tripled, 92 
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the Chords, VIS: | | | 94. 


Prop. XIV. If the lower Snatch-block be moveabſ[e, and the Power -draw 
ownwards, the Force of the Power 1s ſo many times multiplied-/as there. 
are Drawings of the Chords, one leſs, | ibid, 
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the upper ; as many Pulleysas axe below, ſo many times the Power is. 
doubled,. the upper ones l{erye only for Conveniency, ibid. 


ulleys, the Power may always -be increaſed double-in a continual Pro» 


Portion 3 ; 96 55 
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many days, and:\hewing the:houss, and; alfo friking,, E 
{40 | r09, 


 Problem'E. To, make divers kinds of Wheels commonly uſed in En- 
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- moments according to which it is born downward, and from 


done better than by ſimply expoſing to view the Engines, whoſe 


Mechanick-Powers : 


OR, THE 


Myſtery of atare and Art unvaild. 


. 
- _ 


the quantities of moving Forces, and of the times in 

— Which the Motion is made. ED 
The Centre of Gravity of any Body is a certain point with- 
in it, having the parts about it every where conſiſting of equal 


TT HE Mechanick Art is a Science which contemplates abour 


whence if a body be-conceived to be hung by a Line it reſteth 
while it bears downward, keeping the Poſition which it had 
in the beginning, and that Line is always perpendicular to the 
Horizon. Sol 


PROPOS. I. 


deer aretheEngins,to which if force be uſed,their ſtrengths 
Y are augmented in a wonderful manner, fo that, that which 
ts fit to overcome the reſiſtance of 100 pound weight, may be 
made ſufficient to overcome 1000 pound, yea,z 000 pound weight, 
and more : I will expound this Propofition, which cannor be 


forces are increaſed by the ſtrength of their movers, and we 
will ſhew what Experience approves in common Engins;. and 
becauſe almoſt all Authors recal the other Powers to-the Bal- 
lance, we will begin with it. ; | 
Rs It Of 


g 


2 Mechanick Powers. - 2004 1. 


Of the Ballance. 


Y the B-llance we underſtand an iron Rod, hanging freely 
in the middle” point which is called the Beam, or Centre ; 
and the effe&t which daily: experience teaches us is this. 

Fig. 1. If two equal Weights ſuppoſe of 4 pound each be hung 
in the points A and B, fo that the lines AC, CB are equa], 
they will poiſe each other, or be in Equi/ibrio. But if the 
weight F be never fo. little removed from the Beam or Cock C,. 
ſo that the line B C be longer than the line AC, the weight 
F overcomes and raiſes the weight E ; it you ask why thoſe forces 


are increaſed by their greater diſtance from the Beam, or Centre, 


fo thar the diſtance augmented is. equivalent to the weight ; 
that is, ſuppoſe two unequal weights E and G, and let the pro- 
portion. of the weight E to the weight G, be the ſame as the: 


diſtance CH to the diſtance A C ; and that the weight at H com- 


penfates or makes amens in the diſtance for that which it wants 
in the Gravity or weight, fo that they ſtill rematn in equilibrio, 
( or equaily poiſed ) therefore it is. queſtioned, wherefore the 
diſtance from the beam adminiſters ſufficient ſtrength to it to re- 
ſift double its weight ; which is fo far forth a truth, that if the 
- Ine or rod CH being produced farther in certain diviſions, 
the ſame weight, ſuppoſe one pound, will according to the ſe- 
yeral diftances equiponderate to any weight, or number of 
pounds hung in the point A, and this kind of Balance 1s in uſe 
every where, for Butchers weigh their meat by it, and Farmers, 
their Hay, &c. Only Note this one thing, which in all. En- 
gines Ought to. be noted, to Wit, as often as the force of the 
power is increaſed by the Engin, fo often alſo is its motion. 
increaſed with reſpe& to the motion of the weight; as in the 
former example, while the weight G is at the diſtance CH, being 
double the diſtance of A C, all things being fo diſpoſed, if 
you remove the weight E one foot, the weight G muſt be 
removed 2 feet, fince #t deſcribes an Arch doubly greater, or as, 


great again. 
Of the Leaver. 


T7? ſecond Engin whictt is "ah 51g is the Leaver, which 
A&A is a firm body extended in length,” as a Bar of Iron or a. 
wooden Bar of firm ſubſtance, in which three things are al- 
ways. 
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the Weight to be moved, and the point that ſuſtains the Leavers 
which is called Hypomoclion or Prop, being nothing but a Roller 
or a piece of Timber or Stone laid under the Leaver, to ſup- 


port it, even as in the Ballance we diſtinguiſh three things, to 


wit, the two Weights and the Beam or Cock ; whence it 
comes to pals that the Leaver is compared to the Pallance. And 
becauſe the Hypomeclion may poſleſs either the middle place be- 
tween the power and the weight, or it may be in one of the 
extreams or ends, and that twa fold, to wit, either fo that the 
weight may poſſeſs the middle place, -or elfe the power may be 
in the middle, therefore there are three kinds of Leavers. 

Fig. 2. The firſt kind of Leaver hath the weight on one end 
A, the Power in the other end C, and the Hypomrmechion in the 
middle, to wit, in the point B, and if the power happen to be 
equally diſtant from the Hypomoclion, with the weight, and fo 
equally moved, In ſuch diſpoſition if rhe pqwer can of it ſelf 
and without an Engin move 100 pound, and the weight A be 
Juſt 100 pound, it may move that and no more ; bur if the 
diſtance BC be greater than the diſtance A B, ſuppoſe double ro 
ir, and being ſo diſpoſed, while the weight is moved one foor, 
the Power C performs 2 feet, then the ſame power being plac- 


ed in C,, will raiſe or overcome 200 pound in A. 


The ſame proportion in a manner is faid to be in the ſecond 
kind of Leaver, for becaule the diſtance D F exceeds the diſtance 
DE, therefore the power placed in F, will be increaſed accor- 
ding proportion of the line D F to the line DE. 

The third kind of Leaver increaſes not the force of the Pow- 
er, but rather increaſes the force and refiſtance of the weight, 
and lefſens the' force of the power ; beeauſe the diſtance of the 
power H from the Hypomoclion G, is lefs than the diitance G I 
of the weight from the ſame Hypomeclion ; and conſequently in 
ſuch diſpotition the power is leis moved than rhe weight. 


Of the Wheel, or Axas, mn PeritroChio. . Fig;;3. 


He Wheel, or Axis, in Peritrochio may be varioully uſed, and this 
Figure expreſles it-ſufficiently, . The, power will be in the | 


point F, and the weight in the point D ; it may eafily be re- 
duced to the Leaver: of the firſt or ſecond kind ; For its Axis 
A. B hath the force of the Hyporeclion, and becauſe the weight is 


B 2 in 


p : : | ; / . bo 5 IS ? TE Wwe - "7 (EP a4 4 Ls 4 OM 
a - - . : $ - : : | . "— _ wy £3544 A 3 ae. , OY "APY ; 3 ” ” Ia pe ; 
” « . If . \ : \ Py = * "TH og 
, / : , " ay FO F The 4: 
| i ECT ANC Owe} 
OOK : Jo | | - 
. 3 - 4 : ; b 


ways to be diſtinguiſhed ; to wit, the power -of the Movent, 
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oY 
in D, its. diſtance will be CD and the diſtance of the power applied: 
in F will be E F; Therefore the active force of the power will 
be increaſed according to- the Ratio or proportion of the line 
EFro C.D, thir 1s, it E F be four times as. much As C D. and- 


—— 
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the power withour an Engin may take up roo pound weight ; 


it being added to ſuch an Engin may take up or draw 400 


' pound weight ; Here we ſhall offer no reaſon, but expoſe the 


preciſe effet and experience; Wherein we would: note one 
thing, that the preciſe diſtanee from the Hypomeclion doth not 
conferr this. augmentation, bur that diſtance from whence 
follows the greater - motion in the power, | will reſpe& to 
the motion of rhe weight,. that is, if the Power H ſhould- 
draw by. the rope FH, - the diſtance H E's not to be re- 
garded,. but only F E, becaufe although the kngth of the 


rope increaſe and conſequently: the diſtance- HE ; notwith- 


ſtanding from thar diſtance ir: doth not follow, that while the- 
weight is . moved. one. foot, the power is. moved. more than. 


Of the Pulley or Windleſs, Fig. 4: 


"Ry ſingle Pulley. increafes not force; and is reduced to rhe - 
: Leaver; notwithſtanding being ſocompoſed that the diſtance - 
of the weight, and: of. the Power are. equal, and-theſe diſtances: 
are DB, BE from the immoveable point-B; and- fince no. 
Pulley hath motion, bur abour the Fixed point. B, therefore the 
forces are not increaſed; if the principle we proſecute be con- 
ſtitruted, becauſe. the power. is as well moved. as-the weight. . 
The only benefit. that accrues from the Pwley in.this diſpoſition, 
1s that the power may. be more eaſily - apphed, and to ſhun. 
the reſiſtance which may happen by accident, . becauſe the. rope: 


ba 
-* 


being turn'd. about. an. immoveable Cylinder is fretted and; 
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The Pulley may be diſpoſed after. another MANBEr.. 


Fig. 5.. It: may be made fo. that the whole Puley may move, 
fappoſing one end of the. rope faftned in A, and. the:weight G,. 
the Power F, and this is commonly. reduced.to the Second. king 
of Leaver, for the Hypomeclion is ſappoſed in B, the weight G. 
.in. E,, and. the power F is in D, and. therefore. the. _e 
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of the power is double from the Hypomoclion, and whike the 
weight. G aſcends, ro H, the Power F will be moved. to a 


double diſtance : It is not needful.here to-ſhew all the Combi- 
nations of Pulleys, but only in this cafe ro ſhew the double 


force. of the power, and that force which before was equal to 


100 pound weight, by. this diſpoſition may be made equal. to. 
z00 pound weight. 


Of the Wedye. Fig: 6. 


TY IWedpe is an Inſtrument made of follid matter, as Tron or 
Food ending in a ſharp point or edge, As ABCDEF.,. 
ſome Authors ſtrive to reduce it to the Leaver, in which we are: 
indifferent, and the Wedge. ſeems to be a double Leaver of the 
ſecond kind, in which the Hypomeclion is in the line G H, the 
weight.in R and K, the Power. in.L and*M, but how ill they 
have reſented or reduced it, we will ſhew hereafter; However. 
it be, it is certain the force of the Power is increaſed by the 
ſharpneſs of the Wedge, and the accuteneſs of the Angle, becauſe 
while the bodies which have the force of the weight, go back: 
from one. another by.the line R K, the Wedge is moved accord- 
ing to the line I O.: Add: alſo; that the power which is ſtruck 
with a blow on the head of the-Wedge, makes a greater motion, 
than the Power. which is made by weight lying on the head :of- 


% 


the Wedge, : 
Of the Screw; Fig. 7:. 


F 


He Screw 18.4 moſt. powerful. Machine, or Engin, and'is a: 

Cylinder cut with a wreathedicircte abour it, which may”: 
be variouſly conſtituted and made : We ſhalt nor: attempt to 
reduce it to the Leaver, but 'tis. certain, ttiat one man whos» 
can alone by his own ſtrength raiſe 10e pound; may by this. 
Engin ſometimes raife xo000 pound: For let the weight be 
be DE, the Power C, in the mean white that the weight is. 
moved according. to the. diſtance which is between. two- 
wreaths, or. ſpires- of the Screw, it. is neCeflary. that- the power. 
placed. in the point. C. abſolves. or finiſhes a. whole Circle ;, 


| therefore let the diſtance between the rwo wreaths be. equat: 


to. the line. N Q, then. ſeck how many times. the. line. N © is; 
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& Mechanick, Powers. Book T. 
contained in the 'circumference of the Circle CK L, if ir be 
contained 100 times, the motion of the Power will be a hun- 
dred fold greater than the motion of the weight, as is proved 
by daily experience. | 
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PROPOS. I. 


Ariſtotle's Reaſon, why the forces of Powers are en- 

creaſed by the force of Engmes, 1s Examuned. 
A Rifotle is the firſt thar we know of that attempted this ; 
A we have often read his whole Treatiſe which he wrote 
of Engines, and confels we could never ſufficiently find out the 
univerſal principle of Machines or Engines : For he attempts 
-only to give the reaſon of the Ballance, and reduces the Lea- 
ver to the Ballance, and the other Machines or Engines he ex- 
plicates by the Leaver : We ſhall do two things, Firſt, we ſhall 
examine the Reaſon which he offers, as the only true and moſt 
likely for the Ballance in the middle. Secondly, we ſhall try 
whether thoſe things which are ſaid concerning the Ballance, 
may be ſaid of the Leaver, and whether thoſe things that be- 
long to the Leaver, may be eaſily applied ro the other Ma- 
Chines, or Engines : For he propoſes ſome wonderful things 
from the Circle, and adds, that thoſe things which are done 
about the Ballarice are to be referred to rhe Circle, and thoſe 
Concerning the Leaver to the Ballance, and all other Motions 
Concerning Engins he referrs to the Leaver. 

Ariſtotle reaſons thus, Every Power moving to the centre of 
the World is born down by a right line, and the weight 
thruſts forward, or the weight according to its quantity Ccon- 
tributes to ſuch motion ; but when weight is moved in a Bal- 
lance then it is ſuppoſed to deviate from ſuch reC&irude, and 
by deviation it breaks off and retards the morion preſling for- 
ward from ſuch power, and by how much more the motion 
produced by ſuch power is retarded, by ſo much more de- 
creaſes the force of that power in order to ſuch motion ; bur 
becauſe that which is neareſt the Beam or Cock, is alſo neareſt 

the 
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Mechamck Powers. a4 
the retaining principal, and deviates more from right motion 
therefore the moving power being applied in a point near the 
Cock, loſes more of its force ; and that which is more diſtant 
from the centre or cock, partakes lefs of motion ; beſidzs the 
nature of that motion comes nearer to right motion, and there- 
fore its force is leſs hindred to exercife its power, wherefore 
that weight which is fartheſt diitant from the Centre is eafily 
moved, and although 1t be equal to the other weight weighing 
againſt it, and leſt diſtant from the centre, it will be moved 
more eaſier, which to-make more plain he inſtitutes a geometri- 
cal Demonſtration in this manner : 

Fig. 8. Let the Tron rod A B be the Ballance,. the Beam or 
Cock A, about which, as about a Centre, the whole rod A B 
its moved ; and let the weight be B which deſcendeth by force 
of its own weight, and deſcribes the axch BH); alfo let there be 
another weight C, which while 1t deſcends by its own gravity is 
conſider'd according to the diſpolition of the Ballance, to de- 
ſcribe the arch CDY, leſs than the arch BEH: Suppoſe the 
weight C to deſcend to the point D, and draw the hne D E, 
which let be parallel ro the line A B, Suppoſe the weight B to 


deſcend to the pointE, ſince the natural motion of heavy things. 


is perpendicular, the lines F E, G D meaſure the natural mo- 
tion of the bodies or weights, or the motion which is accord- 
ing to their Nature ; But the lines CG, FB meaſure the preter- 
natural motion, to wit, by whole force they are retracted from 
their lines of Dire&ion, or perpendicular lines; butF Bis leſs than 
CG; for if equal right lines fall perpendicularly on the Seme-di- 
ameter of unequal Circles, that which 1s 1n the greater circle: 
cuts of the leſſer part becauſe the greateſt circle is leſs crooked : 
Therefore while thoſe two weights have an equal natural mo- 
rion, that which is fartheſt diſtant from the Centre hath leaſt of 
the preternatural motion, therefore the eaſter moved, and there- 
fore hath greater force tro move the other, and. confequently 


comes to E ina ſhorter time, than the weight C comes to D. 


Moreover he adds, becauſe the motion of weight is equat 
in each, the motion which 1s according to: nature is in it ſelf 
the ſame to preternatural motion, bur it only then happens when 
in the ſame time that C comes to D, in the ſame time alfo. 
B comes to L; for then drawing the line I L perpendicular, it 
will be as IL to IB,ſo D Gro GC; in the Triangles A'G Q, 
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 ADorACtoAGorAK,foisABto AT, therefore by divi- 
Fion, it will be as IL co 1B, fo GD to G C: When therefore 
-It happens only in the point L, that the proportion aforeſaid 
Is kept while the point C comes to D, the point B will come 
to L, therefore B is moved more {wiftly. Theſe are Ariforle's 
words, Ouam igitur ob cauſam ab eadem potentia celerius fertur, id 
quod plus a centro diſtat, ex iis que difta ſunt eſt manifeſtum. And 


Queſtion 3d. he 'ſays, Quoniam autem ab xquali pondere celerius 


mmovetur eorum, que a centro:ſunt ; duo vers pondera quod movet, & 
-quod movetur ; quod .igitur motum pondus, ad movens longitudo pati- 
tur ad longitudinem, | autem quanto ab Hypomoclio diſtabit ma- 
gis tanto facilius movebit. Sn. | 

Many tWngs are wanting in this Demonſtration, Firſt, be- 
:cauſe the weight B is more eaſily moved ; he concludes alſo, 
that it hath greater force to move the oppoſite weight, but whe- 
ther he hath aſſigned the true cauſe, the comparing of the cauſe 


with the effect will ſhew ; which that we may conſider, we ſup-_ 


poſe the line A B to be double the diameter A C, therefore G C 
will not be double of the line F B, therefore will not the preter- 
natural mixt motion in the weight-C, be double to the preter- 
natural mixt motion in the weight B, and therefore that cauſe 
is not moſt likely and true from whoſe Compariſon the propor- 
tion of the effe& and caule is not ſhown : For it is certain, that 
the weight of r pound in the point B will be equivalent to the 
weight of z pound placed in the point C or T ; Whence we 
deny this concluſion can follow from that antecedent, that the 
weight which is fartheſt diſtant is eaſieſt moved, therefore if it 
be diſtant a double diſtance, it will obtain a force doubley great- 
er; and neither do Mathematicians deduce their concluſions 
after that manner; although while the diſtance increaſes the 
Facility ro motion ſhould increaſe, ir doth not follow that it 
increaſes in the ſame reaſon or proportion : And: fo we deny 
the facility to motion of the weight in B to be double, to the 
facility tro motion which the weight hath in C; becauſe that 
contrary Which is mixt in C is not double to the contrary which 
is found in B. 


| Secondly, Ariftotle ſpeaks of the ſwiftnels of Motion, 'and 
from the Swiftneſs he concludes to the Power moving, which 


we ſhall ſhew to be falſe. Ir is certain, that if two Weights 
ſhould be ſucceſlively in the youn B, one of one pound, and 
the other of two; nevertheleſs they will be equally or with 
| G. equal 
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equal velocity moved downwards, if they are of the ſame mat- 
ter and figure, or if there be found ſome difference, it will, not 
be in proportion to the weights; Wherefore” although we 
ſhould grant the weight B to be moved with a- velocity . 
to C, yet notwithſtanding -the torce-of his reaſoning doth nor 


- conclude it to have greater force to move the other. 


Thirdly, what is faid in demonſtrating the weight B ro be 
moved with a double velocity or {wiftneſs ro C; he either un- 
derſtands while they ate joined in the ſame ballance, or he 
underſtands it while they are ſeperate and in two ballances: 


-If he means the firſt,- there was no need of ſo much reaſoning, 
' neither doth that preternatural mixt motion help any thing. 


But if theſe two weights are Ilookr upon as Seperate, or in 
divers ballances, that we may examine what force they have, 
it is falſs:that that which is fartheſt diſtant, is moved with a 
double Swiftneſs. Arifotle knew not the doQtrine of Pendulums, 
for the ſwinging of divers Pendulums are perform'd in equal 
time, to wit, if in the ſame time that the weight B being left 
to-its OWN nature comes to L, in the ſame time the weight C 
will come to D, alſo they abſolve: each his quadrant in the 
ſame time ; Notwithſtanding if there be two pendulams C and 


B, and the Swinging of the. weight B be longer than the ſwing- 
ing of the weight C, ſo thar if the leſſer dure 2 minutes, the orher 


weight B takes up almoſt z-minutes in perfecting its vibration ; 
Whence howlſoever he explicates this Demonſtration, he wavers 
in all things, and is far from Mathematical conviction. ' More- 
over we will ſhew, that although the demonſtration have ſome 


force in that. part of the Circle, yet it obtains none in others; 


for in the firſt place lect the lines O H, Y K be equal, 'and draw 


the parallel lines K R, O Þ; Ir is certain, that OP is greater 


than K R, therefore if there be a weight.in R and another in 


.P, one deſcendsin Y and the other in H, the preternarural 


morion- will be: more in the wejghr 'more remote, notwith- 


ſtanding in this caſe the weight which 1s at greatcr diſtance, 
Obtains greater force ; therefore that which. hath greater force, 


is not begat from the lefſer mixture of preternatural motion ; 
which may better be perceived in rhe points 3 and S; for it . 
the weight 3 move to S, and the weight X to T; the lines V 
T; SZ meaſure the: preternatural-morion; and the lines V X, 
Z 3 the natural motion, and the weight X leaſt diſtant from the 


Centre Or Beam, Will be more moved by the natural motion than 


C = 2 
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"16: Mechanick Powers. 
the weight 3, and therefore eater, whence it obtains greater 
force. | F PRI ey: 

Whoſo diligently conſiders the parts of each quadrant, will 
find this mixture of contrary -or. preternatural motion to: be 
leſs in the lefler, circle than in the greater ; and the reaſon is; 
becauſe although rowards the Diameter A B the greater. Circle 


comes nearer to a vertical line, yet towards the diameter k H- 


ir COMeS nearer to an horizontal:line; and fo much for the firſt 
part of this Propofition. 


Fig. 9. That which belongs to the ſecond part of the ſame_ 


Fropofition, to wit, although we. grant that, which .4riforie 


aligns for the true cauſe, why.in the ballance the weight moſt 


aiftant from the centre hath greateſt force, towit, that it hath 
I&fs of the contrary or preternarural motion, yet notwithſtand- 


ing we do not find-the reafon to be the ſame for the Leaver.. 
For the power A, may move Circularly, fo that it have nothing 


of Preternarural- motion, fince the power of an' 4nimal is.in- 
different to any different place; therefore ſince it hath no pre 
cernatural motion admixr, the force of the greater Circle doth 


not meoye eafier than the leffer, which notwithſtanding is con- 


_ rrary to all experzenCe. 
Secondly, that kind of Leawer only - iv which the Prop or. 


Hypomeclion is found between the Power and the Weight, may- 


properly be reduced. to the. Ballance,. but the other kinds not 


® 


{to properly. 
Thiruly there -are divers Machines-or Engins which are difh- 


cult ro reduce to the Leaver, and by that means to the Ballance;. 
and firſt for the Fedge, We ask whether there be a Prep or- 


Hypomeclion, and to. what. kind of Leaver it is reduced ?. Whar 


Circle is deſcribed from it? Whar is its preternatural motion 2?- 


Whar its natural morion ? Surely there is in the edge the im- 
preflion of the weights reſiſtance to be exerciſed in the parts in 


which the body touches, as in KR; We ask in what point is. 


the Prop ? Where the length of the Leaver, Which if it be in- 


creaſed according to the common rules of the. Leaver the Vir-- 


tue of the. Power will be ircreaft ? If *ris faid the point of ir 
is the Prep; we will ſhew- "tis nor, becauſe if the point of the 
edge ſhoyid be cut, off, yet nevertheleſs the Fedge would have 
its whole force; If. "tis ſaid the line KL is the length of the 


Leaver, 'tis falſs, becauſe although that length be cur thorter, yer. 


notwithſtanding the. yirtue. of dividing is not deminiſhe which is 
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in the Wedge, therefore which way ſoever you turn the Ie dee, 
you will ſoarwe reduce HK to the Leave. © | 


Fourthly, Much leſs do we own the compariſon of the Lea- 


ver in Screws, which may rather be: reduced to the Wedge ; 
for if you own the Axis of the Cylinder, about which the 
ſcrew or ſpire is circumvoived to be the Hypomeclicn. The  di- 
ſtance of the Spires or Screws from that Ax1.will be the diftance 
of the weight from the Hypemoclion, according to which di- 


ſtance the reſiſting power of the Weight is meaſured, whence it 


follows in the Screw, the Cylinder that is lefs than the other 
pairs, more eaſily overcomes the refiſtance .of Weight, whick 


nevertheleſs is falſe: For neither is this the meaſure of the re- 


fiſtance of the Weight, or the virtue exiftivg in the Screw, bur 


ought to be deduced from other principles, ro wit, from the 


compreſlion of the Spires, for when the Spires or Helices 


are more thick or cloſer together, the ſtronger and more pow- 


erful are the Screws; Therefore we muſt ſeek another princi- 
ple of Machines or Engins more clear and eafite, which bein 


once conſtituted, the power of every Machine or Engine well 
be unfolded, and the proportion of it to the 'refilting force of 
the Weight will-be detected. N40 
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PROPOS. II. 
Archimedes reaſon Examined. 


Rehimedes in his ſixth Propoſition, eAiqniponderan- 


Fig. 10. 
tium, and many others afterhim, have atrempted 


to eſtabliſh as the chief principle of Machines or -Engins, thar in 


the Balance, if the weights and their diſtance from the Cencre 
be reciprocal, they contiſt and counterpaiſe ach other. 
In the firſt place, we referr this to be ſettled by the reverend 


Father Leotanudus, and what power his demonftration may ob- 
rain ; ſuppoſe A B to be a Rod ©f a like weight in every part, 
and divided in the middle in'C, and underſtand C to be the 
Centre of Gravity, and C D to be drawn through perpendi- 
cular to it; by the point D draw an won rod D E, which let 
be fo alike for weight as to confi 


der it: wanting all weight, and 
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HK, KI, AH, IB, the lines KT, I B will be equal. -Lertwo 


Threds or Lines H G, I E hang up the rod AB, and faſten it 


ro the rod G E in the point D, which anſwers the Centre of 
eravity C, the line from whence 'tis hung up being perpendi- 


cular with the line D C, anſwers to the Centre of gravity C ; 


A B wilt remain equally poxſed, or in Equilibrie. - - 
"The Demonſtration. Let the Rod A B be really divided in the 


point K, that is, ſeperate the Union, or cur 1t in two. - Firſt, - 


fince A H, H K are equal, neither- will preponderare or out 
weigh the other ; moreover fince KI, IB are equal, neither 
will prevail, wherefore as yet they will remain in Equilibrio ; 


therefore the whole line will remain in the ſame manner: as he. 


fore, being hung by the ſame point D, therefore-as yet the 
whole line will be in Equilibrio : But ſo is the diſtance ' H C of 
the weight A K from the Centre, to CI the diſtance of rhe 
lefler weight K B from the ſame Centre, as the weight K B ro 


the weighr AK; forfois AKcoKB, asits half HK or CI 


isroK 1, or H C its equal ; therefore we have rhis. in -Equili- 
brio while the whole weight A K is to the weighr K B, as the 
diſtance I C to the diſtance H C reciprocally, which was to be 
demonſtrated. DA | 

We will conſider hereafter whether this Demonſtration con- 
vinces, and aſſumes nothing as now proved, which notwithſtand- 
ing ſhould be demonſtrated. | CS 


Fig. 11. Archimedes a little after endeayours to prove this ſome... 


what otherwiſe; and he ſuppoſes the -Iron Rod ro be A B, and 


he ſubſtracts from its gravity that which is hung in the middle 
point G ; he hangs 6 equal weights, here: 3 and there 3 at e- 


qual diſtances, 'tis clear that they are in Equitibrio, he ſuppo- 
feth alſo that all theſe weights are alike, and equidiſtant be- 


tween themfelves: Alſo he ſuppoſes any weights-to gravifate 
and operate in the fame manner, as long as they retain the 


ſame common centre of gravity. 


" « . 


The Demonſtration is clear, in cafe the weights be diſtribu- 


buted according to the diſpoſition unfolded, betore which com- 


j 


Meehamck Powers. Book I. l 
let D E be greater than the half of C B, and make G D-equal 
to IB, and H K equal to the line A H; when the lines CI and 
IB (eoual toH C) are added, HI and CB will be equal; and 
fo H I will be equal to the half CB, and the remains 'A H, 
I B together are equal to the other half; and becauſe A H, 
H'K arc equal, being taken from the two equal aggregates 
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mon centre. of gravity of all the weights rogether will be in-G; 
but if you conſider 4 weights BCD E whoſe centre of gravi- 
ty will be in the point TI, ard the centre of gravity of the 
weight FL is in H; where:ore the weights will gravitate in 
the ſame manner, howſoever they are diſpoſed, they keep in-a 
manner their centre of gravity in the ſame point H ; therefore 


conjoin the. weights F and L in the point H, and conjoin the - 
4 weights BC DE in the point I, or ſo about the point I, thar 


their centre of gravity may be the point I. 
Fig. 1t. All theſe weights will gravitate in the ſame man- 


ner in this diſpoſition, as in the former; But in. the. former 
they were in Equilibro, therefore in this ſecond diſpoſition they 


will be in Equilibro : But in the ſccond caſe, ſo is the.weight 


BCDE to the weight F L, as the diſtance G H to the diſtance - 
G I therefore it will be in FEquilibre, when as weight is to . 


weight, ſo is diſtance to diſtance reciprocally. 


Theſe Demonſtrations are ingenious, but they do but ſup- - 
pole thoſe things to be the principles of Engins which is ſought: . 


For firſt of all in both Demonſtrations he mentions the centre 
of gravity, but it is not. known what that centre is, and this 


centre of gravity can hardly be proved, unlefs- there. be conſti- 


tated a,.common principle of _ ; In the firſt, although ic 
ſeems clear enough that the diviftion being made in the point K, 


the lines A K, KB lie in a direct line, becauſe that both parts 
AH, HK and KI, IB are equal; Notwithſtanding it doth nor 
appear to me that they ponderate in the ſame manner, the di- - 
vition being made as before-: For the part CK before the divi- - 
ſion, exerciſed its gravity with the other part K B, and asI. 
may ſay, was ſtaid by its parts : But the Union being - looſed,: it - 
exerciſes now. its own gravitation, together with the other parr - 
A C; Whence although it were before in Equilibrio, it. follows 


not that it being ſeperated the Equilibrium remains. .. 


I fay the ſame of Archimede's demonſtration, for Icannor grant - 
that weights have the ſame manner of gravitations they fhould : 
have among themſelves, and the fame:-;gravitation-they ſhould . 
have reſpeCtively to another- weight, fo- often as they* change 
not the proper centre of gravity : If in one cafe, -one*of them - 
will be found on one part of the centre, and in the other ir will : 
+ decline to the other part ; that is, 'tis' doubted - whether the 


weight E tranſported in I being united with other: weights B'C 
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44 I Mechamck, Powers. Book Þ 
D in the:ſame point I, hath the ſame force, and'not greater, or 
lefler. 4 A 

And that we may ſhew the Principle ſought, the definition 
of the Centre of gravity is commonly thus given, to wit, cis 
the point dividing the heavy body in two parts of equal mo- 
ments, but moment is not ſimply the weight of body, bur 
grows together from the weight and diſtance, therefore ro the 
underſtanding of the Centre of gravity the conftitured principle 
is {uppoſed, whoſe reaſon we feek; viz, Why weights by re- 
ſon 'of their greater diſtance from the centre have aifo greater 
force to move. BE 
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Fi tome Reaſon of mcregfmg power by Engines. 


One will require of us a ſtrict demonſtration here, 
becauſe we are buſjed in phifick matter, and we 
inquire the principal of natural and ſenſible motion, which per- 
haps will not preſently occur ; one thing 1 muſt fay, that al- 
though I do not effeft the thing, yet by removing things our 
of the way, I ſhall open a door to let into it ; therefore I ſhall 
attempt many methods, that ſo if one arrive not at it, L may 
make way for another : Firſt, in the ballance I will endeavour 
to ſertle that common maxim, while the weights and diſtances 
from the Centre are reciprocal it is in Equilibro; As if in the 
ballance A B the weight A of two pound 1s to the weight 
B of one pound, as the diſtance CB-of two feet to the diftance 
AC of one foot. If from a piece of timber, you hang a bal- 
lance from the point C, to be in Equilibris, 10 that you remove 
it ſo far from the Centre to anſwer the addition that ſhould 
. be made to the weight, that is, if the weight of one pound 
hang in the point D, and in A a weight of 2 pound, ro make 
them in Equilibro the ſame weight ſhould be added, and in 
| ſtead of the ſame weight you may add the ſame diſtance, or ſo 
re.nove it from the Centre that C B be double to CD; Thus. a 
weight of 1 poundbeing placed in B,it will be again in Equilibro, 
experience ſhews this, but the reaſon is to be ſought. 


Fig. 12. 
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Book I. Mechanick Powers; ry 


_ Firſt, I ſuppoſe any .heavy body to reſiſt a' niotion upwards 
and the greater it is, the greater motion it will reſiſt ; fo that 
a greater violence or force is required to move upwards a 
weighr of 1 pound the ſpace of two feet, than to raiſe the ſame - 
weight but one foot high, or at leaſt it requiresa force to be 
applied of a longer continuance of time. 
Secondly, I ſuppoſe while the weight 18 moved downward; 
the weight on the other part of it may move ſomewhat up- 
ward, fo that it may overcome the 1cfiftance which the oppo- 
ſite weight hath to motion upward ; alſo while a weight is 
moved more down or lower, it produces a greater Impetus, to- 
gether with that motion which would have bin if the motion 
had bin lefs; this laſt part of the ſuppoſition ſeems hard, there- 
fore I ſhall explain it more largly. x 
I Suppoſe thirdly fome productive caufe of motion to be 

- given, diftin& for che moſt part from the principal agent to 
which motion is aſcribed,as in things prejeCted or Caſt from one, 
I think in good Phile/ophy it can ſcarcely be denied, ſuch like 
cauſe beſides motion which is ſucceſſive, and no part whereof 
exiſts with the other, and therefore the other cannot. be the 
_ caulg, for every effeive cauſe aCteth nor but when it exiſts ; 
Therefore while its a&ion exiſts, it ſelf alfo exiſts, and white 
its ation exiſts the effe& exiſts by ſuch aCtion produced: There- 
fore while any effe&t-is produced and exiſts, its cauſe exiſts, bur: 
while one part of motion exiſts, ahother part exiſteth not, there. - 
fore one part of motion cannot be produced from another, and 
therefore another cauſe of motion ought to be admitted, but 
this cauſe is not the prinCipal- agent to which motion is 
attributed, for firſt in things projeed, the hand which throws 
the ſtone is not any more Join'd with the ſtone in conveying 
it through the air, and therefore produces nothing further, 
neither can that be attributed to air that ſome do, to wit, that 
the hand while it Impels the Stone, imp?zls likewiſe the conti-- 
g10ug air, and ' that air other air, untill it make a Circulation, 
and this laſt air carries.the Stone farther ; but on the contrary, 
in the ſame precife Moment and time wherein the Ste joined- 
to the hand moves the air juſt before it, ( ſince Penetration is 
not granted ) in the ſame time alſo this air moves the follow-- 
ing air, and fo conſequently makes the whole Circulation at- 
the ſame preciſe time, and there is found only the priarity of 
dependence : Suppoſe the motion of the-Stone to be. from the- 
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- point A to B, and in the ſame. preciſe time it makes the whole 
Circulation, and the'air which was in E follows in F, neither 
hath it greater'force to farther motion than it hath from the 
- Stone ; fromthe following time I ask whether the motion of 
the air'F'Jepends on the motion of the Stone, or the motion 
of the Stone on the mation of the air, if you fay the firſt, I 
demand again from whence the Stone is moved, if the ſecond, 
I ask from- whence the air is moved, for the paſt motion of 
the ſtone cannot be the cauſe of motion of the preſent air, 
therefore it is neceſſary to ſay ſomething is added to the Stone 
from whence it is carried through the air, and this I call Impetus, 
or force, whatſoever it be. | 

Moreover I will ſhew, Impetus being granted, viz. While 
a body deſcends it ſeems to me a reaſon to be alledged, why 
in the firſt ſpace of time the body deſcends one foot, in the 
ſecond'three, in the third five, in the fourth ſeven, and ſo on, 
unleſs the continual production of ſome Imperrs be admitted, 
which is the immediate produCtive cauſe of morion, which 
-Impetus is permanent and may” be increaſed. | 
 *Alfo it follows, that a ſecond Impetus is not produced, un- 
leſs the firft hath and produces ſome motion, let two weights 
-be:ſuſpended in the air, each produces fome Imperus in it ſelf, 
.and alſo in the body which they hang on, ler one weight be 
moved-by- the ſpace of three inftantes, or moments, 1ſo that 
after ' that third: inſtant it hath an Imperus as three, let down 
the ſecond. weight in the begining of the fourth Inſtant, where- 
fore it hath not the Imperus as three as the other weight ; be- 
cauſe. ( you'l ſay) it remains unmoved, and the other is moy- 
ed: therefore 'motion is the condition ro the producing a 
farther Impetus, at leaft ſuch motion whoſe Þmpetus is accord- 
Ing 10 nature. ET. = I EIT 

Which I'ſhall likewife make good from other experiments : 
Firſt, why - while I drive 4 nail with a hammer of a longer 
handle. I produce 'a ſtronger blow, or ſtroak, in like manner, 
if I lift the arm and the hammer higher, ſo thar it deſcribes a 
greater ele, the ſtroak is made more valid and ftrong ; no 
ocher reaſon can be given, bur that by the greater motion 

whether as the condition, - or as the cauſe, it matters not ) a 
ronger Impetus is produced, ſo that the power unleſs ir be 
moved, never produces in the begining of its motion ſuch 
Impetus in the-nail, how great foever the endeavour. be, as it 
WO produces 
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Book T. 2 Mechanch Powers. I7 
produces while it hath fome motion ; ſo that if 10 men preſs 
with their weight upon a nail it doth not enter the wood fo 
well, as if it be drove with an hammer by one man. Bork 
_ . While any one runs a pace, if his feet be ſtopt he cannot 
chuſe but fall ; and fo a horfe on full ſpeed can ſcarce be held 
in, whence they lift up their fore feer, as ir were a contrary 
- motion to aſwage every concieved Impetirs; While a boar is 
carried with a great Impetus, and is ſuddenly ſtopt ar the ſhoar, 
all that are in the boat are moved, becaufe now the concieved 
Impetus is conveyed farther they bend forward veihg ſtopr. 

And I ſhall ſhew that a weight of one pound placed a little 
farther from the- Centre than another weight of one pound, 
will raiſe it up; fuppoſe rwo weights equal each.ro one pound, 
ſo placed in a ballance that one 1s double the diſtance of the 
other from the Centre; whence I thus argue. 

The weight of 1 pound while it moves downward 2 feet, 
may over come the refiſtance which a weight of one pound 
hath to motion upwards one foot : thergfore if they are ſo fit- 
ted in the ballance, that while one is depreſſed 2 feer, the 0- 
theris only raiſed 1 foot, it raifes that upward; The antece- 
dent is proved, while the weight of one pound is moved 
downwards 2 feer, its ative force or Impetus which it puts 
forth together with ſuch motion, is pieciſely equal to that 
reſiſtance which the oppoſite and equal weight hath ro motion 
upwards two feet, but the reſiſtance ro motion upwards one 
foot is leſs than ro motion upwards two feet; therefore 
while one pound weight is moved downwards 2 feet, the 0- 
ther. pound weight may be moved upward one foot; But when 
two equal weights are fo placed in a ballance, that ore is 
doubly diſtant from the Centre to the other, it alſo eftefts a 
donble ſpace to that which its oppotite effects ; therefore we have 
one reaſon now, why between equa] weights that which is far- 
theſt diftant from the Centre .is depreſſed, ard raiſes up its 
oppoſite weight, which may be alſo proved in this manner z 
when two unequal weights are equally diſtant from<he Cen- 
tre the greater raiſes the lefler, becauſe the parts of motion 
downwards are more than thoſe upwards, and 1n like manner 
when equal weights are ſo placed in a ballance, that one is 
fariher diftant from the Certre than 1'Qther, the parts of mati- 
on downwirds will be tnore in ore than the patis of motian 
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upwards, are in the other ( or its oppoſite) therefore the 
. weight which is fartheſt diſtant from the Centre will raiſe the 
other oppoſite being equal to its fell © 
The, motion upwards of heavy things is againſt nature, and 
' the viptent motion of them downwards 1s agreeable to nature; 
bur how much that is which is againſt nature, fo much is the 
reſiſtance to that ; and how much that is which is agreeable to 
nature, ſo much is its inclination and active force to oyercome 
. the oppoſite reſiſtance ; therefore where there is a greater moti- 
on downwards than the motion: upwards, the active force of 
refiſting. will overcome. _ | EK. 

The ſecond reaſon is; a | aan Impetus 1s required to move 
the ſame weight a greater {pace than a leſs,, whether the whole: 
Impetus be produced together, as happens in things: projeted 
or thrown ; or ſucceſſively,as when a weight is drawn. 

Alſo a greater Impetus is. required to move a greater weight 
fome ſpace, than to move a leſs weight the ſame ſpace ;, whence I 
thus argue,an Impetus which is required to move a weight of two 
pound one foor, is double to the Impetus which is required to 
move one pound one foot; But the Impetus which is required 
ro move one pound, two feet, - is in like manner double to that 
which is required to move one pound one foot; therefore the 1»- 
petus Whichis required to move two pounds one foor, is equal to 
the Impetus neceſſary to move one pound two feet,for thoſe ſame 

things which are doubled are equal among themſelves: But 
when two weights are ſo placed in a ballance -that the weight - 
of two pound 1s diftant from the- centre one foot, and the 
weight of x pound is diſtant two feet ; while- the weight of 
x pound is moved downwards two feet, .the weight of two. 
pound is elevated one foot ; and one pound weight as moving 
downwards two feet is in Equilibrio with one pound moving. 
upwards two feet: Therefore one pound moving 2 feer, wilt 
be in Equilibrio with 2 pound moving, upward 1 foot. 


bo F F 


And that we. may. render the ſame reaſon more 


. 


. A001 y,. render rhe ſame reaſon more univerſal, 

and that we may apply it, not only to weights and ballances, 

but-that we may extend it to all Engins in general: Suppoſe. as 

before, by how much more the power is that is moved, by. lo. 
much the greater and ſtronger is the, Impetus produced ; there- 

fore if a power while it is moved 1 foot can move 100 pound 
x faot ; While the ſame power is maved two feet. it will move 
X o L _—_— me : « = 26G 
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200 pound 1 foot ; to clear which point, ſuppoſe for explica- 
tion fake a certain opinion rejected by moſt Philoſophers, to wir, 
that time increaſes or $a from indiviſible Inſtants ſucceed- 
ing each other; ſuppoſe likewiſe that which neceffarily follows 
from ſuch an opimon, to wit, 'the ſlowneſs of motion is poſited 
in more or leſs little Staies of reſt, which opinion I do not pro- 
poſe that in it I may found my reaſon, but only that I may 
ſhun that confuſion which the common ſentence begets, con- 
cerning the continued compoſition from. parts infinitely di- 
viſible ; for:*when they treat of this infinity, -'tis no wonder if 
they mix-obſcurity: and darkneſs together; Therefore ſuppoſe 
2 power which while it is moved one point may move 100 
pound one point, and being fitted in an Ergi» ſo that while the 
power-is moved two points, the weight is moved only one point. 
In ſuch a ſuppoſition, the power will be moved the ſpace of 
one point, the weight all the while no ways reſiſting ſuch a 
motion, . becauſe the weight as yet is at reft,. but when the - 
power is moved to the ſecond point, it hzth a double Imperus, - 
viz, the Impetus produced in the mean time while it 1s moved 
through thoſe two points, but a double Ipetus moves a double 
weight; therefore the power which is moved two points will - 
move a double weight one point, if it be ſo fitted in an Engin 
that neceſſarily its motion ought to. be double ro that which 
follows in the weight. fe bes og 
And although this opinion Concerning continuals ſhouldnot 
be true, and the power ſhould never be moved but the weight 
ſhould be moved although {lowly ; nevertheleſs ſince a power - 
exerts a greater Impetus when it is moſt maved ; as often as the 
mation 1s greater in it than - in the weight, 1ſo often the: Im- 
pets Will be greater in it, than if it had bin moved equally - 
with the weight; bur a greater Impetus can overcome a greater 
weight, therefore a greater motion of a power Compared 
with a leſſer motion of a weight can alſo overcome a. greater 
weight. - Carty Io TI "00 | 2s 
''To make it clearer, Suppoſe, to move a weight of 100 
pound. one » foot, an; Impetus be required as 4» which the 
power:A may produce, and as I may ſo ay, to litt it up while 
it is moved one foot ; there will be required to move a weight 
of 200 pound one foot,an Impetus as 8, but an Impetus as 8 1s pro- | 
duced from a'power if it be moved 2 feet; For more Impetus 1s 
produced from a power while *ris moved two feet than while 
pa - ns (1s 
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'tis moved one foor, therefore that principle remains, vis.. 
The Power as. moved. > feet effects the ſame, as two powers. 
which. are moved only : foot; and we muſt not think Imperys 
to be fo fluent of nature, as.not to: maintain and as it. were 

heap together, thar is, if the power be moved for ſome trime- 
it ſhould not increaſe, alſo irs intefiſive Impetus is. not reſiſted: 
by ſuch Impetus; in like manner, a weight is not ſuppofed fo: 
0 reb(t: a, leſſer motion, as a greater ; whence if a. power be 
{o. compared with a weight, thar while it, is moved 1. foot the 
weight 1s neceſſarily moved the ſame, and the reſiſtance of the 

weight. is greater as moving one foot than the Impetus which 

is, produced, from the power being moved 1 foor, no motion. 
follows ; but if an Exgis thus diſtributes. the ſame Imperus, that 
the whole be Imployed: in. maying the fame weight half a. foor 

it will make ſome motion. : 

| Nevertheleſs becauſe this thing. is. of ſo great moment, and 

contains the moſt univerſal: Principle in nature, therefore *tis. 
worth our while to proſecute the thing a little farther, and to 

apply i in every part that it may appear more phintly. 

I. ſuppoſe firſt, that 'tis equivalently the ſame thing to apply 
a motive power as one, ſucceſſively ro move a body, ſuppoſe the- 
ſpace of 5 feet, ſa that ir move in the firſt time the ſpace of 
1 foot, moreover the fame power moveth in the ſecond: time 
by another, and ſo on, and to apply five moving Powers. 
Succeſlively as.one ; of which,to wit, the firſt moves in the firſt: 
time + foot, the- ſecond: in the fecond time following, the- 
third: by the third, and: ſo on ; for the- moving. power as: one- 
if 'it be applied tro the ſecond time, may: as: well move a- 
nother- alſo like it ſelf, therefore the ſame will be Equivalent 
whether the ſame motion continue, or another like to it be. 
Subſtituted; 

Secondly I ſappole to- move or fuſtain a body, co be the: 
ſame, as. to apply five powers each of which is a power as 1, 
and to apply 1 ſo that it may be a power as 5, as if in one 
ballance you put a-bady, of Gold of one- foot, the ſame will 
out weigh 5 bodies.of each 1 foot of: another matter, which: 
is five times. lighter than Gold, for neither -hath the moving 
virrue- in it- felf, as the firſt quality; for if 5 heats. or warm 
things are put as, 1, they can never be produced. in the Subject: 
hut as one heat :- But and if 2 Powers are ſufficient ro move. 
cach of them a weight of 100 pourd, If they. are joyn'd and: 

= - _ Concur, 
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concur together they will overcome or move a weight of. 
200 pounds; This rule 1s common in all Equivocal Agents, 
ſo if the powers of two candles in ſome determinate: place, 
each of them produces 1 degree of light ating together in the 
fame place they: produce a greater degree of light; ſo while the , 
Sun in an Ecli G is. hid in {ome parts, the light Shineth more 
weakly, therefore in theſe cafes exrenfion begets intenſion,or 
is.equivalent to: 1t. | : 

Suppofke two men move unequally, ro wit, with a double 
velocity one to- the other ; what is in one that is not in the 
other; And. firſt it is certain that the motion of the one is. 
always double to the other, ſo that while: one is. moved. one 
foot, the other only moves half a foot; and white the firſt 
paſſes over half a foot, the other paſſes over a. quarter of a 
foot ; and in whatſoever time aſſignable, the parts of motion 
in the one are more than in the other, whence *tis certain in 
the ſecond place, if the motion of: the power confers to this 
that it move the oppolite weight, while the power hath greater 
motion it produces a greater Impetus in the oppoſite weight, 
from. whence the argument may be formed. 

A power advances its-force by motion, therefore while 'tis. 
moved. with a double velocity, 'tis equivalent to a double force, 
but a double virtne or force can move a weightdoubly greater, 
Or as: great. again, therefore a; power moved: with a double ve- 
locity can. move a. weight doubly greater; the firſt Antecedent 
is certain, for a power however it be applied will not. move- 
unleſs it be moved, whether. its motion be the condition to-this 
that- moves, Or- whether the- motion it ſelf be the immediate: 
cauſe of motion,it matters.not ;. netther 1s there-need to examin. 
theſe things, ſince divers.explications ariſe from divers phiſical 
principles: For ſome acknowledge. no motion which takes: 
not. its. rife from Impetws: or force, and conſequently:ro produce 
a greater motion in a power, they, requize.a more ſtronger . I- 
petus,; therefore if a-power be moved with a velocity double 
c0:the weight, it produces: an Impetus doubly ſtronger to: that: 
which it. would have had. it. it had bin moved equally.with the 
weight: Bur if it be moved equally with the. weight, the In- 
petus: which is. produced: in it.felf ſhould be ſufkcient ro move. 
100. pound. ſuch a ſpace; therefore if ir be moved with a 
double velocity it will move 200 pound the ſame ſpace; being. 
explained, we'll-Suppoſe a irce Power to impel, lightly ſome 

| weight, 
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weight, ſo that by 'the force of its imprellion- it.is nor moved, 
it” will uſe a greater endeavour and at length moves it.. I ask 
what: makes that greater endeavour unlefs a more ſtronger Im- 
_ pitas be produced (ſnppoſing always that ſncH Imperus is grant- 
ed) but if the power ir-1elf- be moved- more : ſwiftly, -it pro- 
duces'a greater Impetus : Therefore by the greater motion of a 
power is adhibited that which is neceſlary, 'thar a weight may 
be moved doubly greater ( or as great again) each part is 


proved, to wit, while' any - body .15 moved: more {\wifily a 


ſtronger Inpetus is (produced; or' the intenſe 'morion, 'bein 
Secluded what way fſoever' from Imus; the' ſnccefion of fq 
much local motion is agreeable with intenfion ; 'For the vdobity* 
of motion is ſome perte&tion which cannot be explicated, be- 
cauſe of the ſucceſlion of motion, ard the infinite diviſibiliry 
of time. Notwithſtanding in each opinion, ivelociry or Swift- 
neſs is ſaid to be ſome perfeCtion-of motion : For ſypþpofe in 
Fig. 14 ſome mction in Angles, in as much as fomethink them 
indiviſhble, let ABCD a potent angle in'one infſtint-alfo 
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moved more {ſwiftly it will be equivalent-in order to move a 
weight of a greater force, although ſomtimes the. weight dorh 
not increaſe its motion ; tor if the motion of the-power be in- 
creaſed,the motion of the weight is equally- increaſt. A power 
moved more {wift will indeed be equivalent to a greater, bur 
all that : perfe&tion-which happens to it from' motion relates to 
the making the motion of the weight greater, fora weight of 
a greater motion refiſteth more, therefore in motion theſe two 
are always taken for the ſame, to wit, to move a greater 
weight to a leſs ſpace, and a leſs weight--to a greater ſpace; 
for as-to move a greater weight a greater endeavour is required, 
fo tro move a weight to- a greater ipace, a greater endeavour is | 
alſo required, The whole artifice of Engins then conſiſts in 
comparing the greater motion of the Power with the leſſer 
motion of the weight, and according to the proportion of ex- 
ceſs the Force of the Powers are incxeaſt, ; becauſe. powers. in- 
creaſe not their force. bur by motion, and therefore motion 
doubly ſwifter; produces Ipctus. doubly. greater. 


__— oe rereae——s: — —_ ———_——__ 
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PROPOS, V. cm. 


pe / bi 
and Velocities are reciprocal. 


Moveable boazes are equal in force whoſe Maentudes 


F F is certain, ;that the ſame body moved-with unequal ſwift- 
4 neſs, will have unequalforce; alto a greater body moved 
with the {ame ſwifineſs as a lefler, will have greater force ; and 
we ſee likewiſe in Engins: that weights may be ſo diſpoſed 
from:one place to another, that the motion which is made from: 
ane. hath; the ſame propertion t;the motion-.of another ;- and 
io that, weight to weight: is; made, recigrocally.in [Equilibro, 


- 


ſo that the double celerity or:{wiftne(s, of:one-pound; will be 
equivalent to: the :Suhquple celerity of two pounds ; We may: 
alſo transfer the {aye - principle te other moveable bodies, al- 
though. they are at.liberty, -that 1s not being diſpoſed in any 


= 


[For it. hath. not leſs forge: when it- is- free and looſe 
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2.4 Mechanick, Powers. Book I. 
but r pound with the velocity as 2, 1s equivalent to 2 pounds 
having the velocity as one : Therefore alſo without an Ergin, a 
moveable body as 1 with a velocity as 2, will effect the fame as. 
a moveable body as two with a velocity as 1. The rez{on is, 
becauſe the morion or degree of velocity is the ſame in both, in 
a greater body they are fewer in each part; in a leſſer more. 
Neither is there any other reaſon, why while they are joined 
in Ergins they are of equal force,and one extenſion compenſates: 
another, and without an Engin the ſame will not happen. 

Wherfore the moments or forces of equal bodies, or the 
parts moved. are to one another, as their velocities ; and equal 
velocity, as the magnitude of bodies; for commonly, moment 
and force, and parts moved, ftgnihe the ſame, except ſometimes 
moment likewiſe is attributed ro bodies ar reft, which have 
notwithſtanding an apritude to motion, wherefore what we 
ſhall ſay concerning moments may be ſaid of forces: - - 

If 2 uneoual moved bodies be compared, their force ot 
moved parts will be in proportion compounded of the propor- 
tions of the bodies, and of their velocities, becauſe every part 
of a body is ſuppoſed tro be moved with the ſame velocity, 
or degree of force; whence it happens, if the motion of one 
body be communicated to another equally, the velocity will be 
equal; if rhe velocities of the greater and the magnitudes of 
the bodies be reciprocal. 

Whence we conclude,if a moved body runs againſt another 
body at reſt all reflexion being excluded, to wir, if each body 
be ſofr, they proceed together, and the velocity of the former 
will be to the velocity of the aggregate of the whole, as the 
whole aggregate to the firſt movent reciprocally.; For fince in 
the former there are {o many degrees or parts of motion, and 
each of its parts are diſtributed in the aggregate ; to get the 
velocity of the firſt movent, the quantity of motion which is 
always the ſame muſt be divided by the number of parts of the 
aggregate; Therefore the ſame number of parts of motion is 
generated from the aggregxe ; in its velocity, as'from the firſt 
- movent in its velocity. Therefore if you diſpoſe the aggre- 
]2te, the firſt movent, the velocity of the firſt movent,. and 
| the velocity of the aggregate, ſince the reQangle of the fir} 
and the laſt is equal: ro the reQangle made of the 2 means.; 
fo will the aggregate.be to the firſt movent, as the velocity of 
the firſt movent to the velocity of the aggregate. © 
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' We muſt reaſon after the fame manner in other cafes which 
ray happen; as:if there be rwo equal movents)or bodies mov- 
ed) which 'are born 'in the ſamepart;one hath the, velocity as 4. 
the other as 8, and the more Swifr incurs or-meets in the leſs 
Swift; I fay after the meeting, the velocity of the Aggregate 
is as 6G ; for ſince the Bodies are equal, the parts moved will 
be as the velocities 8 and 4; wherefore the motion in them 
will be as 12: but after the meeting the parts moved ought 
to be the ſame ſo many, therefore the motion in the whole 
aggregate will be'as 12, and in each body as 6; therefore the 
' velocity of the leaſt, before their meeting was. 4-and after- 
wards 6; and of the greater 8 and after meeting but 6. 

Thirdly, if two equal bodies with equal velocities meer each 
other, excluding all reflexion, they will reſt, becauſe theſe 
velocities meeting one another, deſtroy each other, 4s when 
you put contrary qualiries in-the ſame Subjet. i 

Fourthly, if z unequal bodies, ſuppoſe 2 globe&&ne of one 
pound weight and the other of 2 pound, meet each other di- 
rely with equal velocities, ſuppoſe as 4, the Aggregate fol- 
lows the direCtion of the greater, and the velocity will be as 
x +, for the quantity of motion in the greater is as 8, in the 
leffer as 4, While they meet each other tne motion of the lefs as 
4 detratts ſo much from the greater, therefore the quantity 
of motion remaining is as 4, to be divided by 3 pounds, there 
will be in each pound, one degree and =. : 

_ Fifthly, if two equal bodies with unequal velocities meer 
each other, ſuppoſe one hath velocity as 2 the other as 4; after 
meeting, Secluding reflection, the quantity of motion remain* 
ing Will be as 2, each being divided, and therefore the aggre- 
gate Will be moved as 1. | : 

Sixthly,Suppoſe two unequal bodies one whereof is one pound, 
andis moved witha velocity as 3: and the other is 2 pound, arid 
hath a velocity as 4 ;- the - quantity of motion in the firſt is 3, In 
the ſecond--10, for when they meet, the leffer quantity deſtroys 
ſo many degrees of r'other as ir cont?ins it ſelf, therefore, there 
remains 7 to be divided by 3 pound : Wherefore in the whole 
aggregate there will be 2 degrees and + of velocity. 

Fig. 15. If. 2 unequal Bodies be placed in two equal 
Branches or Arms of a Beam ( as a pair of Scales) I fay the _ 
velocity of the greater only will be ro the velocity of the aggre- 
gate, - as the aggregate to the greater weight. Suppole 'a 
| - 'B weight 
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weight of two pounds, : which if.it be moved alone from A'in 


B with a velocity as 4. Put on the other part a;:moveable body 
2s 1,which ſuppoſe to:move downwards withthe lame velocity: : 
And theſe weights being. compared as two meeting each other 
with equal velocity, wherefore- fince the quantity-of motion 


in the greater is 8 degrees, and-in the tecond: 4, and: {uppoling. 


them conrary-to- each other ;: the motion in the agg1egate 


remaining i5.as 4. 10 be divided by 3; . the. veloCity therefore in 


each- will be as 1 5. | | 


If there thould be » equal-Pendulwms. placed in two unequal: 
Branches, the manner of rzeafoning will be the ſame. -. Suppoſe - 
then the weights A. and C to be equal, but the-diltance AD to 


be double the diſtance D C; in ſuch diſpoſtion the velocity of - 


the weight: A will be double the: velocity of the weight C, 
wherefoie the quantity-of motion in- A. will be double: Sup- 


% 


contrary. deftroys from-the motion of the weight A, 4 parts, 


therefore. there remains 4 parts tobe divided, fo that: thar:- of 


the weight A have 2 parts, and that: of the weight C, r- part; 


Therefore there axe in A 2 parts and-+; and-in Cx part and +. 


. 5 
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PROPOS. VI. 


poſe the motion in A as 8, tn C as.4,, which motion fince. 'tis. 


Concerning, the Proportion. of weights, on the ends of the. 


dims of. a. Ballance, Variaxſly placed from. tha 
Horizontal me... : 


Fig. I FF proportion of 4 weight ih C ro the fame weight 
EEG 1 


| n F, will be as the whole Arm BC, :to its part 
B. , being 'placed -between the. Centre and the line of inclina- 
yoo F « M, which the weighs freely makes from the extream-F 
towards the Centre- of the world. For the better underſtand- 
kg whereof, tuppoſe an the other Arm of the ballance-B D, 
and. n.the extream D, a, weight placed: being lefs in. weight 
than C;, as. 3 «. gart,of B C. which is leſs than B D, It: is clear 
{om rhe. 6 Propoktion of:the 1 book of, Archimedes of weights, 
that if in the point you placg. the ſame weight.C, the. bal- 
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lance will little or nothing-be moved from the Horizontal poſi- 
..tion. But if the weiglit F equal to C be placed in the extream 


F of the arm BF; ir is the ſame as if it be placed in « of the 
Horizontal line By: To the better underſtanding whereof, 
Imagin a perpendicular thred .F «, and in. its extream «, the 
weightto hang which was at F, whence it clearly appears that 
it begets the ſame effect as when it was-inF ; which as I ſaid but 
now remaining fixt in the point « of the arm B x, -it is ſo much 
Tighter than when it was in C, as 4B is leſs than B C. Ifay the 


LJame,if the arm be poſlited in e B, which we may eaſily-try if we 


hang thred from-«-of the arm BC perpendicular ro e;in-which ex- 
rream hang a weight equal to the weight C and at hberty from 


e of the Arm Be, whence the ballance will remain Horiz,-nts!. 


Bur if the arm Be be Joyned in ſuch ſite with the Horizontal 
BD, and the weight C be hung in e freely from a thred, it 
will neither aſcend nor defcend, which is only becauſe ir is 
hung by a thred which hangs as much from «, as that which is 
hanged freely from e of the arm Be; and this proceeds from 
this, becauſe it partly hangs from ' the Centre B : And'if the 
Arm or Beam 4hould: be in the fite B Q, the whole weight 
would remain hung in the Centre B, even as-in the fite 5A 
the whole preſiles ro the ſaid Centre. Whence it comes 'to pals, 
that in this manner a weight is more or lefs heavy, by how 


much *tis hung; Farther fromior nearer to the Gentre ; and this 


is the only Cauſe whereby one and the ſame weight in one, and 
the ſame mean becomes heavier or lighter. And although I catl 
the ſide BC Horizonal, ſuppoſing it to'make a'right angle 
with C O, whence the angle CBQ becomes ks than a righr 
angle, by the quantity of an angle equal to that which is made 
by C Oand BQ inithe Centre of the Elementary region, yet 


-this hinders. nothing ſince. the faid angle is -bur of inſenfible 


Magnitude: From the fame reaſons we may conclude, that f 
the point u be equally in the middle berween- the Centre B 
and the extream C ; the weight F or M will hang or incline 
according to the half of the ſai Centre B: And if rhe ſaid wu be 
nearer to. B than to the: point GC, it will hang from it or incline 
10 it more than the | half ; and _if "more rowards C, 'it:will:be 
leſs than half. - 6d, 2; MT; 14 1.04” ONTO; 
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PROPOS. VII. 


How to know what quantity any weight or moving -power 


hath in reſpe& to another quantity, by Perpendiculars 
drawn from the Centre of the Ballance or beam ta 
the line of Inclmnation. Thos NES 


Rom whar has. bin ſaid *tis eaſy:to underſtand; thar 


-— 


Fig. 7Þ | | 
EE the quantity B u which is almoſt perpendicular from 


the centre Bin..the 16. Fig. to the line of Inclination F x, is. 
that which hath led us into the knowledge of the (quantity. of 
the-force of F inithis ſite- or. poſition, to wit, the line. Fu:mak- 
inz with the arm FB an acute angle B F «: Nevertheleſs forthe: 


better underſtanding; whereof we will. imagin- in -Fig. 17. the 


beam b o a fixr inthe: Centre. o at whoſe ends or. extreams 
there 1s fixt or: hung two weights, or. rwo moving :powers .or 
forces e.andc,, yer fo that the line of inclination. e thar :4s ::b'e 
make a right apgle with 0; in. the point b; {and:;;the'lihe of 
InCiination © that 1s .@c makes an acute angle. of * an obtuſe 
with 0 a in; the:point a. Imagin then the line ot perpendica- 
lar ro. the line of --inclination c a, whence :o ; will be leſs than 
os by the '13'Prop of 1. El. of Euclid: Morevyer: imagineiv-a 


oy 
— 


to be Cut in the point z, ſo-that 0; be a: t, and in;the 

2Nnt4 hang a.weight equal'to c, whoſe :inclination make ira: 
Kne parallel to.jthe tine of Inchnatton. of. the: weight>e,* fuppb- 
fing: nevertheleſs the weight or-power! c to be:greaterthane,in 
Wch: proportion as & 0 is greater-than ot; without doabt bythe 
6th. Prep..of the 1ft; Book of Archimedes te equiponderantibas, b o 5 
will nor be moved-from its.fite; but:if in ſtead'of's i we imagine. 
o t-made.one with 9 6, and the power attracted by the line 7:6: 
c 21; vBke manner: alfo- wilk:: rouch as :b;0 3..:acoording to. 


common reaſon the: fite is not- moved; therefore thar: which: -- 


was. propoſed is done, alfo, hence we may. eaſily nore, how. + 
much vigor and force of weight or power « at a right angle 
with 0 alofes, drawing leſs: Hence alfo follows this Corolary, 
thar.by how much nearer the centre. o of the ballance. is to the 

; | - Centre 
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Wherefore {Balances 


of the Ballance from the upper to the lower ide ; for the better 
underſtanding whereof ſuppoſe » s a Parallelogram, and pur 
ewo equal weights on the ends of the arms, experience teaches 
that the. weight at «s, is of more force than the weight at » x, 
and we would know the cauſe of this effect. To 
We have already ſaid that Ballances or Eeavers are of matter, 
and » « the medium of its ſuperficies, ſuppoſe-now # to be the 
Centre, which ſtaies the ſai& Ballance or Leaver; let « s and 
2 x be the lines of inclination of the weights, and we will im- 
agin that the ſaid weights hang from the points « and. », as 
igdeed they dg, although they ſhould hang from 5 and , be- 
old Wet ck and the point » are fo conjoined with s and 
#, that he that draws one,. draws the other alſo: Likewiſe 
we'el imagin. the two lines 7, in, and ;e which ze makes 
the angle o 7 e equal ro-the angle oz»; Hence it appears clearly 
if we hangthe weight «(which is equal to the weight » ) at e, 
that hath plainly the ſame force as the weight » hath, and 


the Beam or Ballance Will neither move up nor down, veeale 
both 
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both weights equally-lean to the-centre.j,;by-the midgle lines.e.i 


- 


and » ;, but the ſaid wg being placed in's, the lines :,by 
© 


s to the Centre, 1s more Horizontal 


diſtant from the-centre o than. the line e t, its weight will alſs 
be heavier, becauſe it hangs fo much farther from the Centre 
o, and by reaſoning as aforeſaid we find the - fame effe& ro be 
crue : In Ballances rightly and properly ſo called x ;5 or » o 
may be Horizontal, but in all kinds of Leavers' this only 'is faid 
by a certain ſimilicude; we may contemplate the fame by 
ſuppoſing the. Centre in the midle between o and'i, which any 
one may eaſily do of himſelf without any other help. | - 
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 Leaver 1s commonly a picce. of a .Fir-pole, .or other 
: Timber, abort, 6 feet in length, which we uſe either - 
'_ © t9. raiſe,,or mave heavy. badies,. ſuch as Timber or . 
Stone, ox, any body::of. metalor.fuch. like; wherein three points : 
are aſſigned, firſt the, power of the.movent, 21ly; Of the weighe : 
to be moved; 3ly, The, prop, to which the Leaver is . 
annext,. as..t0 a Centre, deſcribing two. arches with a. double - 
Eat oils hams doo ods a. 
. 2. Hence becauſe thele 3 points may be diſpoſed three ways . 
in this length, - they: produce. 3. kinds of .Leavers.. Firſt a Leaver - 
of the. firft. kind, is that , wherein the prop,  polleſles the - 
middle place, and.the. power and the: weight pl the. two : 
cnds,or extreams of the Leawer, as. if. the Power be inA, the. Prop - 
in B, and the.weight in. C.;, - . gs oo ie odds, 
. Fg. 19... A Leaver of the  fecond kind, is that wherein the 
welg 1t 3s placed in the midle, and.the power and.cheProp at. the. 
ends. Yrs WY $5 | pr 0 BNET fo” 
A Leaver of .the. third kind; hath the ' power placed. in the - 
midle and the weight and the Prop atthe two ends. 
| Before I enter on the Propolitjans'T Tall premale fomms things. 
kD £o "weeds 


oy 


. 


- 
o 


. 


am” 


"IP ye” : 
eh <A " : . 
4 
* 
- 


> _. . Mechanick Powers. Book]. 


Fig. 20. Suppoſe the Leaver to be 95, #, x, whoſe Prop ( or 


W947" 2 29% Dro gt 


 Hypomoclion )is 1n the point 0, and the WEIght In the point s, 
*:45 clear that when you would raife it, it betioves atfT by the 
help of the hands to raiſe «;,now we muſt conſider how the 


LY 


weight » endeavours towards, and for-this Cauſe we will im- 
agin the right lines » 0, 24, ne, »t, and 4, of which »5, is 
placed towards the Centre of the world, and » + makes an 
angle i t equal to the angle3n0:, Now placing ſome power 
in ; having equal inclination to the upper, as » has to the lower 
( {ſetting afide the gravity af the Leayer.) wry# , gp AC- 
cording ro cOtymon reaſoh Y'will tfuftain the! whole weight 
of the ſaid », and if the weight » were in x direaly over 0, 
the whole weight would be upoh the Prop, and ſo much force 


G7 power of the Prop Will ſuffice to refilt for ſullaining, as is 


the gravity of the weight; þpr putting it again in » 'tis clear 


ba S944 


that if another power be not oppoſed from the neither ro the 


-upper part of the Zeaver, the Prop notwithſtanding being ex- 
* Cepted, ir will behove the power of {ome part of the weight 


(without conſideration as aforeſaid of the weight of the Leaver's 
matrer or ſubſtance”) that the Leaver be depretſed from Me'parr, 


5, #, and ſome one part of the weight», becauſe other part of 


The ſame. vicight endeavours it ſelf to the Prop 0, by means of 
the line 's 1 Won « Tn Os 
the point : this kind of reſiſtance oppoſe it-ſelf that the Leawer 


ich makes not right angles:with o x. But if from 


be not depreſſed or born down,'tis clear by common ſence that 
the power .of the weight. » is divided equally in the middle, 
whoſe moiety over o reſteth,as alfo the other over x being in the 
middle 'of the two lines » « and »r. © Now imagin the refiſtance 


7 to be-raken away. and placed in &; it is clear* affo thar, the 


greater part of the weight » forces or endeavours to e by help 
of the line » e,more than to 0; fincethe line of inclination, +, 1s 
NFAarer tO e than o : Becaule all refiſtance' either in i'or in e, or 
in t or in is inſtead of a Centre as well as's, and the-work of 
Ohehelps'torher ; But if the ſame reſiſtance be placed in «, 'cis 
Clear. alſo that a lefler part of. the. weight », endeavours to # 
than to 0; fince the ſaid zi is farther. diſtant: from the” centre 


z 


#, than from the Centre o, and the Proportion of the part of 
che weight » in o, to the proportion, * of the'part of the weight 


 _ ® in « Will not be according to the proportion” of the angles « 


24 and oz, but according to the proportion of «3 to zo, 


which may clearly be comprehended by the converſe of this 


eltect, 
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 effeR, that is even, as now we have ſuppoſed » and « to be two 

Centres that ſuſtain the weight e of =; alſo imagin » to be a 
_ Eertain Centre from whence hang two weights o and «, ſe 
proportioned to each other, that «zi and jo are the certain 
cauſes of the ballance of theſe weights o 5, which we call a 
Leaver or Beam inclined on no part: But returning to the pro- 
poſitior, we ſay, That the weight of » endeavoring leſs to « 
" than to o, thar is to r, there needs lefs force in « than in *t to 
raiſe the weight »; and ſo by conſequence, the farther the 
point « is from #, the lefler force is required, and conſequently 
| when the force or refiſtance in « is ſo proportioned to that 
Which is in o, as is 07 tO 7 « the Leaver or Beam Will not be 
moved: But when there is a greater proportion of the refiſtance 
of « to that which is of o, than of that of oz to ix, then the 
part « s of the Leaver or Beam Will be elevared: Bur if the 
proportion be lefler than o z, to 3 #, thanthe Beam or Leaver will 
be depreſſed on the fame part. 
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Of Augmeuting Force or Power. — 


Fig. 21. JN ſome places Bakers uſe a certain inſtrument for 
kneading their Paſt, which is perform'd by one 
man only, which inſtrument ſeems worth our taking notice of, 
and 'tis thus: Imagine the plain in which he ſets who kneads 
the Paſt, and in which the Paſt is laid to be T'S D, and the tri- 
angle T A $ fixed, and perpendicular to the ſuperficies of the 
faid plain ; and:in the Angle A joyn a piece of Wood or Lea- 
ver A E as a moveable ſemidiameter and equal to the Perpen- 
-dicular of the Triangle, whence A will be the place of the cen-_ 
tre, and D O will be the ſemidiamerer which kneads the Paſt, 
and from its end O ( which O when DO is Horizontal is 
found in the. baſe of the ſaid Triangle ) comes the piece of 
wood O V, waich with A V is equal to the perpendicular im- 
agined from the angle A of the baſe T S playing roo and fro 
in O and V, that the ſemidiamerer D O may be raiſed and de- 
preſſed. And VO isequal to A V, and V is in the middle be- 
rween A and E, whence A V with O V are equal to AE; 
moreover there are two picces of wood perpendicular from 
F - A 


an Mechanick Powers. Pook IE. 
A, and fixt to the baſe and immovable; and ſo far diſtant from 
one another, that between them O V and. D:O may paſs above 
ard beneath, and not depart from the ſemidiameter D O. In 
the end of F. there muſt be a {mall piece of Wood: ar right An- 
gles with AE, which is held. by the hands of ſome body which 
ſtands on the foreſaid. Machine, which man with that wood 
that is, the ſemidiametre A E drawing it to himſelf from the 
{uperficies of the ſaid Triangle, and then thruſting it towards 
the ſame Triangle, he excites the ſemidiameter D O upon the 
Paſt with a great force. Sos | 
In imitation whereof I- have ſubcribed Fig, 22: b 2 « x, in 
which we may imagine « reſembles. A in the 21 Fig. and: a de- 
notes O, ard o V, and x E: we may allo imagine « a tote 
the baſe of the Triangle a «0, to which o # the- perpendicular 
of the ſaid baſe add « a; hitherto then. « o will be equal to o 
x, and tO o a, we may imagine alfo 4 0 fo.produced to b, that 
s b be equal too a, Allo - A weight in a, to-force to- 
wards «, whence the line of 1ts inclination will. be always a « ; 
ſuppoſe alſo aob to be a Beam or Leaver, and o its Centre, 
whence the force or power of a will be proportional to © z,with 
reſpect to the force or power imagined in 6, the inclination of 
the perpendicular k a, which: force or. power 'in 5 will be pro- 
portionable to + o by Prop. 7. of this Treatiſe; therefore if 
you ſhould-place a certain power in 6 at a right Angle drawing 
the line b.o {0 proportionared to the power of the perpendicu- 
lar a, as 07 is proportioned to.o b, the Beam bo a will not be 
moved,. but. any, greater portion in & will overcome: a: 
And when o x is equal to o b, the fame will happen according 
ro common Senſe, placing the power v5 in x. The. quantity 
therefore of the power in x, which oughtto overcome the re- 
Gſtance ih a, Which is put. againſt z, ought to have a little 
greater Proportion to reſiſt, which in 4 makes a right Angle 
with 4 0, than that which is of 04 tO 0 x. 
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FROTOY. LL Fs. 19. 
A Theorem. 


T” in a Leaver, the Power be to the weight as the diſtance of each 
from the Prep, reciprocally, it will be in equilibrio, « the power 
will ſuſtain the weight, but not raiſe it. | | 

Suppoſe the power A to the weight C, to be as the diſtance 
BCto the diſtance A B; I fay,it willbe in equilibrio,and the power 
will ſuſtain the weight C, bur nor overcome nor taiſe it; bur 
ro the better underſtanding of the Propoſition, ſuppoſe the 
weight C to be 100 pounds, and the power A to be a power 
able.to ſuſtain. 25 pounds withour a leaver ; and as the power 
A is equivalent preciſely to a fourth part of the weight, ſo alſo 
the line B C muſt be a fourth part of the line A B to make it 
in equilibrio. 

The Demonſtration. The power is increaſed in the ſame pro- 
portion 'in which its motion is increaſed above the motion 
of the weight; but in ſuch diſpoſition the motion of the pow- 
er is to the motion of the: weight,as 4. to x ; for if the lea- 
ver be underſtood tobe raiſed in L, fo that the power deſcribes 
the arch AL, the weight deſcribes the arch K C; bur the arch- 
es are a like, . becauſe the angles ABL, CBK are equal; or 
like arches oppofite to the wertex, are as their Semidiameters, 
to wit, as AB toBC, and we ſuppoſe AB to be 4. times as 
much as BC; therefore in ſuch diſpoſition (by the firſt prin- 
ciple of this Treatiſe)the power A is quadruplicated,and there- 
fore is equivalent to 100, but a power of 100 is in equilibrio 
with a weight of roo; therefore if as the power A to the 
weight C, ſo the diſtance CB to the diſtance AB, which is re- 
ciprocal, it will be in equilibrio, which was to be. demon- 
ſtrated. 
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PROPOS. II. 
A Theorem. 


FF the proportion of the Power to the weight be greater, than of 
the diſtance of the weight to the diſtance of the Power frgm the 
Prop, the power will raiſe the weight and overcome it. 
Fig. 19. Let the proportion of the power A to. the weight 
C be greater than of rhe diſtance] BC to the diſtance AB; 
I fay, The power A fo diſpoſed will overcome the weight 
Demonſtration. Suppoſe another power which hath the fame 
proportion to the weight C, as the diſtance BC hath to the 
diſtance A B, this power will be in equilibro with the weight 
(by the precedent propoſition) but the power A is greater than 
that power (by the roth propoſition of 5 Exclid) therefore the 
power A is greater than that which 1s in equilibro with the 
weight C, therefore it will overcome the weight C, and wilt 
raiſe it ; which was to be demonſtrated. 


PROPOS. Il. 
A Theorem. 


Fig. 23. FF the proportion: of the diftance of the Power from the 
| . Prop, to the diſtance of the weight from the Prop be 
greater than cf the weight to the power, the weight will be overcome, 
end raiſed by the Power. | 
Suppoſe a greater proportion: of A B to- BC than of the 
weight C to. the power A,, I ſay the power will overcome the 
weight C. ER 
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The Demonſtration. Suppoſe another power D equal to A 
- applied in the point D, 1ſo that as the weight C to the power D, 
ſo DB to BC (it will be by the 1oth propoſition of 5 Euclid.) 
DB leſs than AB, and (by the firft of this) the power D ap- 
phed in the point D will be in equilibro with the weight C: 
But the power A equal to D if 1t be applied in the point A, 
hath greater motion with reſpect to the motion of the weight 
C; therefore by the firſt principle hath greater force than the. 
power D which 1s 1n equzi/zbro with the weight C, wherefore- 


that will overcome and raiſe it; which was to be demon- 
ſtrated. 


PROPOS. IV. 


A Theorem. Fee. 23. 


FF the proportion of the weight to the Power be preater than the 
. diſtance of the power to the diſtance of the weight, or if the pro-- 
portion of the diſt ance of the weight to the diſtance of the Power be 
greater than of the power to the weight, the power will neither elevate: 
nor ſuſtain the weight. 
Firſt, Let the proportion of the weigtit- C-to the power A: 
be greater than. of thediſtance A B troBC; I fay the power A is: 
to little to make an equilibro with the weight C ; For ſuppoſe 
the power E to which the weight C hath the fame proportion 
as AB to BC, and conſequently the proportion of the weight: 
C co the power E will be leſs than of the ſame weight C tothe: 
power A, and (by the 1oth of 5 Euclid.) the power E is greater: 
than the power A, bur (by the firſt of this) the pover E ap- 
plied m the point A is in equilibro with the weigtit C, there- 
fore the power A is too little to be in equilibrio with the weight: 
C; therefore can neither raife nor ſuſtain it. 
Secondly, Suppoſe the proportion of the diftance BC to the 
diſtance AB to be greater than of the power A to the weight 
C; I fay, The vitory will be in the power of the weight C, 
for ſuppoſe the power E to be.as BC to AB, ſoE to C, and 
the proportion of the power E to the weight C, will be greater 
than. of the power A to the ſame weightC, and (by the 4oth of 
| | & Euclid.) 


ri; a. 2a, 3:46, a5 
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5 Euclid.) the power of E will be greater than of A; but (by 


—_ 


the firſt of this) the power E. applied in the point A 1s in equ7li- | 


brio with the weight C; therefore the power A is leſs than 


that which is applied in the ſame point of the Leaver, in equi- 


librio with the weight C, therefore the power A cannot ſuf- 
tain the weight C; which was to be demonſtrated 

Alchough in the Figure Ihave only put a leaver of the firſt 
kind, thele proportions agree equally with the 3 kinds of Lea- 
vers, f{ince in each kind as well the powers as the weights de- 
{crite Circles. 


PROPOS. V. 
A Theorem. 


Power is equivalent to ſo many powers equal to it ſelf in force, 
as its diſtance from the Prop contains the diſtance of the weight 
from the ſame. | 
Fig. 24. Suppoſe any power A fit ro ſuſtain without a Lea- 
ver, a weight of 100 pounds, ſo diſpoſed in the Leaver that 
the diſtance of A from the Prop contains four times the di- 
ſtance B C of the weight from the ſame Prop or Centre ; I 
ſay the fame power in the point A is equivalent to 4 powers 
equal to it ſelf in force, and ſo can ſuſtain in this diſpoltition of 
the Machine or Engin, a weight of 400 pounds. | 
The Demonſtration. As many times as the diſtance AB con- 
tains the diſtance BC, ſo many times the motion of the power 
contains the motion of the weight, but (by the firſt principle 
of Machines) how much the motion of the power increaſes 
above the motion of the weight, it hath ſo much the more 
ſtrength or force, therefore according to the proportion of A B 
to BC, the force of the power will be increaſt ; bur by ſup- 
poſition AB is fourtimes as much as BC, therefore the power 
applied in the point A 1s equivalent to. 4 powers equal to it 
ſelf in vertue or force. ES, | 
Or the power A equal to 100, pounds, will be equivalent to 
4 powers equal to it ſelf in vertue, if. it ſuſtains 400 pounds; 


and it can ſuſtain them (by the firſt of this) it it be as the 
£ Es .-_ power 
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| power A to the-weight- of 400 pounds, ſo the diſtance BC to 
the diſtance A B, which plainly appears. . A 
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' PROPOQS. VI. 


The Power being placed the. ſame diſtance: from the Prop, and the 
weight being placed nearer to the Prop encrea/es the force of the Power. 
Fig. 24. ne ler the weight C be diſtance from the 
Prop B the diſtance of BC, and let the power 
be in A; I fay if the power be always in the point A, and the 
weight be removed from the Prop B, fuppoſe to the point E, 
thar by how much the lefler BE is,. by fo much the. greater 
will the force of the power be, in order to ſuſtain or raiſe the 
weight placed in E ; That is if the power applicd in the point 
A can ſuſtain or ſupport a weight of 400 pounds placed in the - 
point C; I fay, If the weight C beremoved fromthe Prop and 
placed in the point E; It will be as BE to BC ſothe weight of / 
400 pounds.to that which the power A can ſuſtain. 
| The Demonſtration. For let it be as BE to BD to the weight 
Crto the weight F; I ſay the weight F placed in the point E will, 
| bein equilibrio.with the power A, for when 'tis as the power A 
to:the weight C, ſo the diſtance.B C to the diſtance AB; as 
alſo BE to BC, ſo the weight. C to the weight F;. There- 
fore from diſorder'd equality. (by 23 of 5 Euclid) the power 
A will be to the weight F as the diſtance BE to the diſtance. 
AB, then (by the firſt of this) A and. F will be. in equilibrio - 
which was to be demonſtrated. | 


Corollary. 1.. : 


Fig. 25, From this Propoſition arrives ſeveral” pradtifes . 
which naturally or experimentally Workmen make ule of for. 
moving of weights, or overcoming the reſiſtance of any bodies; 
And neither is this DoQtrine only uſeful in raifing and «re-- 
moving of heavy. bodies, bur. alſo in cutting off bodies and. 
parting them from each other, and overcoming any reſiſtance, | 
which I ſhall only ſhew in brief, that it may be rurned from. 
them to other matters. ; 

Firſt in digging Stones.out of Qarries, they often uſe a Leaver 


-or Croe of Iron, and-when the Stone reliſts much, Mey 
reaſon. 
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0 Mechanick Powers. Book It. 
reaſon of its greatneſs, or becauſe it will not eaſily be ſeperated 
from the other to which it adhears, they remove the Prop as 
near to the weight as may be, that ſo they may move it the 
eaſier, and for the Prop they commonly make ule of a Stone ; 
or ſometimes two Stones, as if the Stone EF were to be part- 
ed from the Stone D E, if DE be firm,the Prop will be in the 
point C, and the weight in B, and it will be a Leaver of the 
{ſecond kind and then the diſtance of the power will be the 
line AC, the diſtance of the weight will be BC ; then as many 
times as BC is in AC, fo many powers equal to it ſelf will the 
power placed in the point A be equivalent to. 

But if the weight B be fo drawn back from the body C E 
which the proportion of the Prop hath, that the diſtance CB- 
be made greater, - there may be put between thoſe two bodies, 
ſome hard body, that ſo the diſtance CB may be leflened, and 
the force of the power more and more increaſed. 

Fig. 26. In like manner when a Nail is to be drawn with 
a Hammer, by how. much the Nail (which obtains the force 
of a weight) is nearer the Prop C, the eaſter it is drawn forth ; 
whence when the Nail is drawn out a little way, fo that the 
end of the Hammer C cannot reſt on the Board or Timber 
that the Nail is in, we are wont to put another body between, 
that the diſtance may be lels. 

_ Fig. 27. In like manner in Pinchers is a double Leaver of 
the firſt kind, one whereof is the Prop, to wit, the Nail or 
Rivet B, about which each part is turned, and by how much 
leſſer the diſtance BD is, and the diſtance AB or BC the 
greater, ſo much the more it ftrains. i | 

Fig. 28. The ſame may be ſaid of Shears, wherein this 
may be noted, The more they are opened the caſter they o- 
perate; becauſe that when they are more opened the body 
to be Cat, is nearer the Prop B; Example, Suppoſe it in D, bur 
when they are ſhut farther, that which is to be cur, Ingpore 
it to be in the point E ; whence the proportion of the diſtance 

a of the weight from the Prop is greater than the diſtance of the 
power from the ſame Prop or Centre; * moreover the longer 
the Arms AB, CB are, the more the force of the power is 
encreaſt, and thus we lee Workmens long Shears cuts any kind 
of hiertal ; many other Inſtruments we might mention, which 
this principle cafily diſcovers. 
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Fig. 29. Þ ET there be giveyjapyywglght Bzrahdb power 
L A, how little fever ſay the weight B may 
be moved by the power A, with a Leaver "of the S: or ſecond 
kind ; for ſince the weight B is not infinite, it will have ſome 
proportion to the power, -therefore divide the Leaver CD, 
and make it, as the weight B to'the power A: $0 the line 
CE tothe line E D; ſuppoſe the Prop in the point E, and the 
weight applied: in the point D,' and the power A in the point 
C; I fay it-will be in equilibria, 
The Didituſation. For 1ince the power A is to the weight 
B, as the diſtance ED, to wit, of the weight from the Prop, 
to the diſtance CE; to wit, of the power trom the Prop (by 
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the firſt- of this) it will be; in in "Nr bur if the” / Prop "be 
moved-'never {o-little to the: weigh b; "the power will oiercome 
the: weight- and: tanſe 1 Kettoi - t OD. O! LOOIETET 

We will do the ſameibjg/ Leaverif. the/fecond kind! for 
make it, -a&-Brio;A,vfo FRthellengis of 'the' whole-Eeaver 
to:;.GH, and4erthe Prop beattheundasarH; the powerat: the! 
other end at F, and the weight-in the dint G77 asiyet (by "ef 
fint of! this)- fir wilkbeiri equilitbps) but if the weight be move 


never-10 little to-the-Prop; the” 6 ag will raiſe the. Wei "3 
and-overcome ACE 10 MUYE Elf) Ms - QDictt.* 
Bur:a:L&aver of: the thitd: kind; ws cannot ofs toe the 
fmething, for when-the weight is placed ar: one-end, -and'the 
w at-the other, :the power! which poſleſſes the middle place 
always be leſs. \diftant: from the Prop, than 'the weight 
will; 09: is p-far from helpine' the: Machine to :enereaſe> the 
force of the power, thar ie:h div itg"and the-WwerghE"fromr 
ſuch diſpofition of the Machine increaſes its reſiſtance; for 
generall ſpeaking, 25 often as the _diſpoſirian. of the Machine 
increaſes the force of the power ; fo-often, if the power and. 
the weight change places, the force of Pe. POWer is abated, 
and. ſo. much the reſiſtance of 'the) weightiencreaſed: 
And. this is Archimedes's great Pan That-' he would: 
move the whole Globe. ofthe Barth, if he could find bur a 
place to. fix. a Prop- upon, Which in; Speculation is-true, bur in 
practice impoſſible ; or who can prac ically divide the length. 
\ 4 Eeaver td any Proportion,” efbectally;” '3f*for Example; 
e Hundredth Stor part okg;hine. wore, required, for it: 
would: make the diſlance of the weight ſo ſmall fronr the Prop, 
thar the ſear of the Prop would be Jppoliine to be ditioguithe 
from: the: Manes of!: the Yn 5 91213 | 
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Fig. 30. } ET the weight A be never ſo little, and any 

power B equivalent to.it,” I ſay theſe may be fo 
placed, that the power B, whatevet'ir be, will . be. unable to 
raiſe the {aid -weight.”' For : fuppoſe,. as the power B to the 
weight A, ſo the diſtance. KE to the diftarice 'L, M, 'and the 
powe?” B'in'the point-K, and the -weight A. ptaced\.in M by 
(the fifſt of this) it will be in equzlibro ; whence if che Prop L 
be removed never fo little to the power conſiſting in K, it will 
be unable to raiſe the weight ; alſo'a Leaver giyen ſuppoſing 
the Prep' thus, ' we may divide-it, that'a power being Noe a 
one end; ſhall nor'raiſe the other 'end of the Leaver :* viz, If 
we divide rhe Leaver *K M;1ſupp6 0p* E very nigh 


. 


ck M WEDEB, CHE FLOP 
rhe power in 'the point K, it will come to pals that the power, 


though. very heavy, will nor raiſe the other .part' 'of the 


* 


.Leaver LM, -* 
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PROPOS. IX. 
A Theorem. 


Fig.,.3% WW Hen the Centre of gravity of a weight is in the line 
me I of the Leaver, the [ame Force is always required 9 
meve it, whatſcewver ſite it obtains, ſo that the force move only dewn- 
ward wr upward, : 
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whether the Leaver be Hcrizontal or oblique, 
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\ Power moving equally in every different place, moveth 
a weight more eaſily, whoſe Centre is in an oblique 
beam or leaver, than in an Horizontal one. | 

Let the power be A, equally able to move a weight in any 
difference of place, and. let the weight be D, whoſe- Centre .1s 
in the Leayer ; Ifay, If the Leaver be raiſed in E, the power 
will more eaſily move the ſame weight, than if the Leaver 
were Horizontal, as A D. | 

The Demonſtration. - Weight, or any heavy body, reſiſts only 
motion upwards, therefore a Perpendicular line is its meaſure 
of reſiſtance ; Therefore, Firſt let the weight be moved ac- 
cording to the Arch \DE, the reſiſtance will be the line EH, 
Secondly, let it be moved according to the other Arch equal 
to EF, the reſiſtance will be according to the Perpendicular 
FI; And it is clear, thar the line FI is leſs than the line E H: 
Therefore although the ſame power move through the Arch 
CB, equal to AB, and fo advarces the fame vertue or force 
(according to the firſt principal) you will find leſs reſiſtarce in 
E. than in, D, therefore it will move eaſter while the Leaver 
obtains anobliqueſite or poſition,than when. it hath an Horizontal ; 
which was to be demonſtrated. 


Fig. 32. 


Corollary. 


Hence it follows, That in an: oblique fite a power is in equi- 
libro with a weight, although the proportion of the power to 
the weight be nor reciprocally the ſame, which the diſtance of 
the weight is to the diſtance of the power from the Prop; to 
- wit, . becauſe. the motion of the weight, according to which 
its reſiſtance endeavours, is not the Arch E F but the Perpen- 
dicular line FI, although the 'motion of the power, accord- 
ing to which it exerciſes its ativity ſhould. be by the Arch BC, 
but the Arch BC and the Perpendicular FI are nor proportional | 


to-the diſtances K.B, KE. | 
Maubondl log Nevertheleſs. 
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Nevertheleſs 3 in an Hated ite DA, becauſe the Mc 
dicular Phiſically falls in with the Circle DH, the common 
Rules ought to be obſerved. 


PROPOS. XI. 
A Theorem. 


Fig. 33- F* the Centre of a weight be above the Leaver, "hi 
| KL weight is eaſier raiſed above the Horizontal line than 
neath, from the power only forcing downwards. 
- ops ofe the weight A, and its Centre above the Leaver ; 
ſince the weight always preſles downards according to a Per- 
pendicular line ; in an elevated fite it weighs downwards accord- 
ng co the line TF; and then the true diftance will be the line 
3 but in an Horizontal ſite the true diſtance yvill be BE: 
In t depreſſed fire it will be DE; *Tis certain, that DE is 
greater than BE, and. this greater than FE, and ſo in re- 
{pec&t of the power applied in the Leaver, and only preſling 
downwards, the motion in C will be more dithculr than in | 
A, andin A than in I. | 
But whar I have faid is with reſpect to the power, its mo- 
ving ſimply downwards ; becauſe if ir ſhould move equally, 
or alike in every different place, the proportion of the DoEtrine 
delivered in the oth Prop. would enſue; 


PROPOS. XIL. 
A Theorem. 


Fig. 34: Hen a weight bath its Centre | of gravity Jena 


the Leaver in a depreſſed fite or Poſition, leſs force 
is required than in an Horizontal, and greater in an elevated 


ſte. 
Suppoling 


OO - Mechanick Powers 7-8 
Suppoſing the Proof of the former ' Propoſition, this ap- 
pears clear enough,. neither doth it need any further explica- 
tion, ſince in a depreſſed ite the perpendicular cuts off 2 lefler 
or ſhorter diſtance than in the Horizontal,, and in an elevated 
fite it Cuts off a gteater ; the ſame caution is to be noted. 
But when the weight freely depends on the Leaver, it i3 al- 
moſt in the' fame manner, as if the Centre of gravity of the 
weight were found in the Leaver : Foralways the fame diſtance 
remains to the Prop or Centre, eſpecially vertually, becauſe the 
weight ſo moved, is as if it truly exiftcd in thar point of the 
Eeaver whereby 'tis hung; OD 


—— 
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PROPOS.. XIIL 
A Theorem. . ; 
Fig. 35. T* by renſen of the Figure of the Prop, the point on-which 


the Leaver reſts be changed, the proportion alſo of the: 
force of the Power, to the reſiſtance of the weight will be changed. 
The Figure of the Prop.. may be various, and it may be fo- . 
made, that in its motion it may bear the force. of one or ano-- 
ther point of the Leaver ; whence it comes to paſs, that the 
diſtance of both the power and the weight are not the: 
ſame ; and ſo the whole proportion of the force of” the power. 
tothe. reſiſtance of the weight is changed:; as.if the Prop. 
ſhould be Spherical, and the Leaver in an Horizontabiite ſhould: 
touch it in the point A, but in-an elevated ſite it-would: touch; 
it in the point B; The ſame I ſay if the Prop. ſhoald be an; 
oblong. IE | 
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The motion of a power oblique to the Leaver, ts leſs 
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Fig. 36. T* the power be A, which prefles the keayet ac- 

cording to the oblique line AB ; I ſay this motion 


ver according to the perpendicular line A C. 

The Demonſtration. . That motion tends not fo much in raiſing 
the weight, as in dra\ving back the leaver from the Prop, as 
the motion A D forces the leaver againſt the Prop, and con- 
ſequently it rather reſiſts the Prop. than the weighr. 


is leſs powerful or able, than if the ſame force preſt the lea- 
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A mution ſo preſſmg forward to the weight, that it forces 
7t obliquely to the Toe, according to which it ſhould] 
be: moved: is leſs powerful. 1 4 4; ot 5 5 15 


: DION 
yy ooo 
Fg. 37 TY weight is A, which ſhould only fnove: ac«: 
cording to the line AB, and the Leaver Whoſe 
Prop is in C, touching the weight in the point D, and forcing 
it according to the line DE; 1 ſay, The motion of ſuch weighr 
will be more difficult than if it had been forced according tro 
the line: AB; for the force of motion according to the line 
DE, as compoled of a double motion, to wir, as it were of 
a Perpendicular, and of an Horizontal ; I ſay; as often as 'tis 
Perpendicular, it reſiſts the ſubjected plane, and ſo part 
_ of that force is uſed in vain, in overcoming this reſiſtance. 


Prop, | 
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PROPOS. XVI. 
A Theorem. 


Hen two Powers conſiſting at the ends of a Leaver, ſuſtain a 
\ weight hung on it, that which is neereſt to the weight ſuſtains 
the greater part of the weight, and that which is further, the leſſer 
part proportionally to the diſtances reciprocally. 

Fig. 38. There are two powers A and B conſiſting at the 
ends of the Leaver, and ſuſtaining the fame weight C; I fay, 
the Power A ſuſtains a greater part of the weight than B; thar 
is, if the weight C be 60 poundsand B C the double of A C; 1 
fay, the power A ſuſtains 45 pounds, of the weight, and the 
power B ſuſtains only 2o pounds : Or that the powers may 
{uſtain the weight C, the power in B muſt be equal to a 
weight of 2o pounds, and the Power in A equal to 40 

unds. 

'T he Demonſtration. The Power A in reſpe& of the Power B 
is as the Prop, therefore that they may be in equilibro, ir ought 
to. be as, A C, the diſtance of the weight from the Prop A, to 
AB the diſtance of the power from the ſame Prop, ſo the 
power B to the weight C reciprocally ( by the firſt of this ) bur 
AC is by ſuppoſition a third part of the line AB, therefore. 
there is required in Ba power equal to a third part of the 
weight, to wit,of 20 pounds ; In like manner, becauſe with re- 
ſpect ro the power A, as the power B hath by means of the 
Prop, ſo will be the diſtance CB of the weight from the Prop, 
ro A B the diſtance of the- power from the fame, as the power 
A to the weight C reciprocally, ( by the firſt of this) but CB 
is ſuppoſed to contain two third parts of the whole line A B, 
therefore alſo the Power A will be equal ro + parts of the 
weight C, to wit, of forty pounds: Which was to be de- 


monſtrated. 
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_ Corollary. I. 


If the weight be preciſely in the middle, each power ſuſtains 
only an half part. | 


Corollary. II. 


Both Powers taken together, ought to be equal to thasr 
power which can raiſe the weight without a Leaver. 


Corollary. IL 


Hence we may determine whether the Prop be fit to ſuſtain: 
the weight, for it always _ with ſome part of the weight, 
eſpecially in Leavers. of the ſecond kind. 


Corollary. IV. 


In a Leaver of the firſt kind, the Prop ſuſtains as much of 
the weight as.the power, and its refiſtance ought to be. equal 
to. both taken together: | 


Corollary. V. 


When 2 powers conſiſt at the ends of a-Leaver ſuſtaining a 
weight placed .in the middle, we may: ealily determine: how 
much of that weight each power bears, to wit, by dividing, 
the whoke weight according to. the proportion, which: the- 
powers have with the weight reciprocally'; What I have ſaid 
in reſpect of the Leavers bearing or ſuſtaining the weight, may: 

 alfo. be underſrood of drawing a weighe; As.if 2 draw, and: 
the weight A be fixt, not in the midle of the Leaver BC; the: 
Leaver will be moveable only about the point D.. 


— — 


PROPOS, 


y Oovers conf 
eaſier on a longer Leaver than on a ſhorter. 


Fig. 39. Let the powers be A and B, and the Leayer . like- 
wiſe A B, ſuſtaining the weight C; and let there be 2 other 
powers D and E ſuſtaining the ſame weight, or one equal to it, 
on the longer Leaver ; I ſay the length of the Leaver D E adds 
nothing to the facility ; for let there be the ſame proportion 
of AC to CB, as of DF to FE, I will ſhew in both caſes that 
the ſame part of the weight is ſuſtained by the power B, as is 
ſuſtained by the power E, and the ſame by the power A asby 
the power D : In like manner ( from Corollary 2 ) I will ſhew 
in both caſes that the powers-taken together are equal to the 
weight, whence the greater Leayer effe&s no more than the 


rfting at the ends of a Leaver, do not bear the weight 


Neither doth it feem ſtrange, that the length of the Leaver 
adds nothing to the force, that is, if two Leavers of unequal 
length, but divided alike from the Prop, that is, let the pro- 
Poem of the diſtance in both be a like, rhe like effeEt follows 
in both. 


Hile 2. Powers ſuſtain a weight, whoſe Centre is abcve the Lec 
ver, in a declined ſite, the lower Power bears the preater 


weight, al 
Fig. 40. Let the 2 Powers be A and B, and let the weight” 


be above the Leaver and its centre C, and kt the perpend#: 


PROPOS. XVI. 
A Theorem. 
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PROPOS. XVIIL 
A Theorem. 
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52 Mechanick Powers. Book IL 
_ cular be CD: I fay, the power B ſuſtains. greater part of the 
weight than if the Leaver were in an Horizontal fite ; For the 
weight always acts by a line perpendicular to the Horizon, . as 
in this caſe by the-line C F, when before it ated by CD, there- 
fore the weight becomes nearer the power B: wherefore the 
_ bears. a greater part. of the weight ( by the prece- 
ent.) | 
But if the weight. be beneath the Leaver, the contrary hap- 
pens, as in the ſecond. example, in: which. the weight hangs 
on the Leaver by the line I K, which weight inclines to the 
power F, and. therefore in this caſe, the power. F bears more 
weight, than. if the Leaver were in an Horizontal ſite; Laſtly; 
if the weight hang freely it will not change the ſite. and con- 


ſequently, neither power ſufters.by the declination of the Lea- 
ver Or Beam.. 


PROPOS. XIX. 


A Theorem. 


IX Tf Hen. a power draws by a line oblique: to the Leaver, its true. 

{ V diſtance. is:a. perpendicular from the Prop, to the line of Di- 
reftion. | | | 

Fig. 41.. Let the Leaver- or Beam: be: A B, and the power: 
drawing by the line-B C oblique to.the-Beam, ro which from: 
the Prop F'is drawn a perpendicular F D ; I fay, the true diſt- 
ance of the power tobe look'd upon, according as the increaſe: 
or decreaſe of the vertue, or force, is:the line -F D. 

The Demonſtration. Suppoſe the power to conſiſt in the point 
D, which draws the cord:from D. in E, and draw the line- 
FE; In the mean. time the - Leaver defcends in the point G- 
draw the line EG, and becauſe in the triangles FDB, FEG,. 
the ſides. FG, EB, alfo FD, FE, and the length: of:the Chords 
BD, GE is the ſame ( by, the 8ch of. the-xſt..of Euclid; )all the 
angles will- be equal, among: which GF D, BFE will be equal, 
and; the common angle BFD being.taken.away,;. there remains. 
the angles G,FE, D.FB equal, and conſequently.the arches BG, 
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Book IT. Mechamck Powers, 
HI equal. But the arch DE according to which the pow er 
is moved, is to HI or BG, or A K the motion of the weight, 
as FD to AF: therefore the true diſtance, according to which 
the motion of the power encreaſes or decteaſes in is the line FD, 
perpendicular to the line of: dire&ion ; which was: to. be 
demonſtrated. ; 

But if the power be in the point C, and it move upon the- 

| Circumference MC, it may eafily be ſhewn that the arch MC, 
is equal to the arch BG, and conſequently in this cafe the 
true diſtance ſeems according to- that which is lookt upon as 
its force, to be the line FG or FC, which would be contrary: 
to the precedent part of the propoſition : Burt the line BC is 
ſuppoſed to be flexible in the point G, and ſo the power 
placed in C may move about the point B, as about a Centre,. 
although the Leaver FG remain unmoved. Suppofing then 
from the point B,as from a Centre,we deſcribe the arch CO, ſo: 
that the line B O, which may be imagined, be equal to the: 
line BC; draw a chord from the point O even to M, ſo that 
in the mean while the end of the Beam paſs. from the point: 
B, to the point G,and OM will be the true motion of the power, 
which I affirm to be equal to the line D E; For ſince DC or D' 
O is one half part of the line CK, ard E M half of the line M G;. 
then DO and E M will be equal, and. that which is common. 
being taken away, wiz. EQ, then DE and MO will be: 
equal, wherefore the power in on that end of the line is: not: 
more moved than if it were applied in the ' point D, there-. 
ive Ly true. diſtance. will be F D ; which. was to. be. demon-- 

atcd.. 


Corollary. T.. 


It the line BC be nor. Flexible,neither in the point B nor any: 
other, but firmly adheres to. the point B, the thing will be- 
therwiſe ; for if you apply the power in. the point D; its: 
diſtance according to what is.examined .of the. increaſe or des 
creaſe. of the force; will be D F,_ but if 'it be applied in the: 
point C, its true diſtance will be the line. F.C, and its true mo 
tion, according to which it moves, . will. not. be only. the. line: 
M O.,. but.the. whole .arch.M C... | 


v 


Eorolkiry. 


Corollary. II. 


Fig. 42. The line of direQion which is perpendicular to the 
Leaveris moſt apt to move, and by it the power hath the 

- greateſt force that ir can have at the end of the Leaver ; for 
let the Leaver be AB, the Prop C, and let the line of direct- 
ion BD be perpendicular to the Leaver AB: I fay, in any 
other line of direftion, the power is leſs able; for let it be 
- another line-B E, which makes an accute avgle CBE, -and 
which conſequently falls within the circle, draw to 1t the 
perpendicular CF, which ( by the preſent ) is the true diſtance 
of the power, and leſs than C B, wherefore when the Lea- 
ver draws by the line B E, it hath leſs force than by the line 
BD. Moreover lzt there be another line of dire&tion BG, 
and the angle CB G obtuſe, and conſequently the other angle - 
C BH will be accute, and BH will be within the circle which 
being divided in the middle in I, ( by 3 of 3 of Euclid.) CI 
will be perpendicular to BH, and the fame C I will be the 
true diſtance of the power ; which fince *ris leſs than C B, the 


power alſo will have leſs force. RO 


. Corollary. III. 


Fig. 43- The true diftance of weights which draw by 
gravity only, 1s a Segment of the Leaver Horizontally placed 
between the Prop and the perpendicular ; let the Leayer be 
A B, the weight by its gravity drawing downwards in B:: 
Suppole the line E F in_ an Horizontal ſite, and draw the per- 
pendicular B C; I fay, the true diſtance of the weight B is 
D C, for all heavy things draws by a vertical.line to which the 
Horizontal line D C' 1s perpendicular ; I fay, the ſame if the 
weight were in the point H, the true diſtance would be DG. 
Whence it follows, that a weight depending on a Leaver Hori- 
z-tally diipoled hath greater force, © IO NR 

And here [| will add ſomething out of the Learned Caſatus 
Þis Mechanics; fays he It may perchance be pertinent to our 
preſent purpoſe, and not unpleaſant to the Reader, if I here de- 
Clare ſomething of an invention: *'When I heard a'certain man, 
declairing that a Bell of a vaſt weight, was carried eafily on 
Braſs Wheels, which by length of time were worn our, _ 

by 
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by what artifice, or in what order they were diſpoſed, or made, 
he could not tell; Wherefore he conſidering with me how 
it might be done, I happened on this thought, that I eſteemed 
the moſt heary bell, might eaſily be repulſed, by diminiſhing, 
or leſſening the reſiſtance, which ariſes from” the wearing of 
the Prop, or Stay, and Axis together ; For let B and C be two: 
ſmall wheels ( Fig. 4.4. ) of folid Braſs, whoſe diameters are in 
ſome different proportion to the diameter of the axis on which 
the bell bears, or lies; And krthe ſemidiameter of the Axis be 
AE, andof the little Wheels BE, 1n proportion double, there- 
fore alſo the peripheries will be in the fame proportion, there- 
fore while the point I in H compleats aquadrant, the little Wheet 
- alſo is turned about, whole periphery is equal ro half a qua- 
'  drant; Wherefore if to the little. Wheel there ſhould be fixt an 
Axis, whoſe Semidiameter BG is equal to the Semidiameter 
AE, the rubbing or wearing will be made with + part of the 
Periphery of the Axis of the little whecl B; bur becauſe alſo 
in the little wheel C, the rubbing or wearing, will be made 
equal with the ſame Axis, almoſt nothing of moment is gained, 
becauſe the whole wearing is equal, as it the quadrant. EQ 
were turned about in a firm and hollow Prop : And it will 
rather be a leſſening of labour in carrying the bell, if the little 
Wheels were fixed to an Axis: and ſince the Axis 1s Cylindrical,. 
the ſubje&ted Wheels doubtleſs will couch in a line, a: ſmalF_ 
part of the Prop; And the Axis of the Wheels ſuit or fit with 
their concave parts in the ſuperficies which are worn while the 
wheels are turn'd round: Unleſs by chance the Convex ſuper- 
ficies of the Cylindrical Axis B G, be ſomewhar lefler than the: 
concave ſuperficies of the Wheel; and therefore they touch 
each other according to a line as(by ther 3th of the 3d. of Eaclid.): 
tis ealy to demonſtrate, which doth nor often happen.. 
But *tis- not needful ro make ſuch foli& Axes to the Wheels: 
B and C, For if the axis A E is convenient to bear the weighr. 
of the whole bell, a: pair of equal Axes wilt reſiſt or: bear 
double the weight : Therefore 'tis ſufficient if each of the Axes. 
BandGC, ſuſtain half the weight ; Bur ſince the refiſtance. of. 
the Cylindars,leaſt they be broken, ought to be in triple: proporti- 
-on of their diameters, 'tis ſufficient ro find two mean. continual 
 proportionals. betweeen. the ſemidiameter A E and: its half; 
tor thar which is- next . leſs to AE will be ſufficient, for the 
Semidiameter of a Cylinder having Subduple Solidity and retiſt-. 
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ance, but ſtill the Semidiameter requires to be lefs, becauſethe 
weight bears or preſſes obliquely on the Axes of the Wheels B and 
C;. whence the weight of the bell on thoſe axes is according to 
the lines A B, A C, and not according to the perpendicular A D?; 
Therefore as A D to A_B, ſo reciprocally the weight on A B to: 
the weight on AD; but the weight on either axis is as the ſub- 
duple ( or half) Summ to the whole weight; therefore the 
weight on B A is lefs than ſubduple, and the proportion con- 
tinuing is made leſs; For when the Semidiameters A E and B 
E are given, the whole B A is known; and BD, and allo its 
equal BE is known; therefore (by the 47th. of 1ſ.of Euclid. ) 
alſo A D will be known, whoſe quadrate you will find, if from 
the Square of B A you ſubtra&t the Square of B D. 

Therefore if by Hypotheſis, BA, be 3, its Square is 9; and 
BD 2, its Square is 4, which ſubtracted from 9g, there remains 
the quadrate 5, whoſe root is 2,23 and is the right line DA: 
The weight therefore on B A to the whole weight of the Bell 
on both axesB and C, is as 2, 23 to 6,00; Burt becauſe the 
reſiſtance of like ſolids is in triplicate proportion of their homo- 
logal fides( and in Cylimders the proportion of their diameters is 
had ) if you ſeek two mean proportional numbers between 6, 
oO and 2, 23 Which you may do if you draw the quadrate of 
one extream into the other extream, for the Cube root of rhe 
product 1s the rerm next to that number whoſe ſquare you aſ- 
ſumed: Therefore firſt, the Square of 6, oo being 36, ocoo, 
draw it into 2, 23 and the cube root of the produ&t 80280000 
is 431, +: But the quadrate of the other extream 2, 23 i$49729 
being drawn into 6, oo, gives 29837400 whoſe cube root 310, 
isthe other mean; Therefore the 4 numbers 600,4314,310, 223, 
are continual proportionals, the fractions being {lighted ; 
Wherefore if you make it as 600 to 431, fo the ſemidiameter 
AE to BN; this ſemidiameter ſought will be ſufficient to bear 
the weight. 

And becauſe BE is the double of AE, and AE toBN is 
made as 600 to 431, BE will be to BN, as 1200 to 4.31; And 
according to this fame proportion will the Semiquadrants be 
that are deſcribed by them. But the eighth part of the Peri- 
phery from the radius B E, is equal ro the quadrant ſrom the ra- 
dius A E ; therefore the quadrant E O to the Semiquadrant of 
the radius BN, ts alfo as 1200, to 431,Therefore if the rubing 
_ upon of the axis of the bell with the fixed Prop and hole, be 1200, 
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Book. Mechanick Powers, _ on”. 
the Wheel B with its Axis is 431, to which the rubing upon of  " 
the other Wheel C with its Axis is equal; and therefore the under 4 
Wheels the diameter whereof is only double to the diameter of 
the axis of the bell, the rubing upon is as 862 to the rubing up- 
on which is as 1200; If therefore the diameter of the Wheels 
to the Axis of the bell be not only double,burtriple or quadruple, 
the rubing upon will be much leſſer, and the facility in carrying 
_ «the bell greater. 
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BOOK II. 


Fig. 45, 46. Xes in Peritrochio, which in Latin they call 

Suculum, or Windlace ; It conſiſts of a Cylin- 
der, or round piece A B, to which 1s fixt. an Axis C D, it hath 
alſo handles or radius's fixt ro the Cylinder; about the Cylinder a 
rope is turned to which the weight is faſtned; ſometimes the Axis 
C D, is parrallel to the Horizon,as in Fig. 46, and ſometimes ir is 
perpendicular to the Horizon,as in Fig. 4.5. and may be variouſly 
made, and yer its efſence; or being, remain unchangeable, and 
the ſame power'perſevering in augementing ; For whether 
the handles be immediately fixt to the Cylinder, as in Fig. 46, 
or whether they be fixt to the Circumference of the Wheel, as: 
in Fig. 45. it differs little, for the true length of the radius 
15 the diſtance of irs end from the Axes. 
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PROPOS. L 


A Theorem. 


T IWheel or Axis inPeritrochio, is a Ballance or Feawer: 
Fig. 47. Let the baſe of*the Cylmder be A B, its Cen- 
tre, or the Common SeCtion of the bafe and Axis the point C, 
which when *t is immovable hath the force of a fulciment or 
Prop, kt the weight hang from the point A, and the Power 
in D, I fay there will be found a BatHlance or Leaver of the firſt 
kind, for alchough the handle B D be not always fixt in the 
ſame plain wherein the weight A is found, neverthelefs ir de- 
ſcribes an equal Circle to that which it rans over, if it exiſt in 
the ſame plain; and therefore is found tobe a Ballance or Leaver 
of rhe firft kind, And the ſame Propofitions which we have 
made of the Leaver may be applied to this Engin, ſince the- 
increaſe of the motion of a power above the motion of a 
weight is the ſame; Therefore ( by the firſt principle of this )- 
the increaſe of force is the fame : But in the ſecond: caſe: 
in which the weight depends on the point F, the Prop is in. 
H. and the Power in G, 'tis a Leaver of the ſecond kind. 
But it the power be in the point K, the Prop in L, and: the 
weight depend on the point M, as yer it will be found a Leaver: 
of the firſt kind, but being thus diſpoſed, the force of the 
Power is diminiſhed. RE RTLE 
Laſtly, If the Fulciment or Prop be in the point O, the Power: 
in P, the weight in R, it will be found a Leaver of the third. 
kind, wherein the force of the weight is increaſed, and the 
force of the Power leflened; notwithſtanding, this difpoſition. 
s not unuſeful when the power exceeds the weight by a lon- 
ger interval or ſpace. | 


Corollary: 
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_ Corollary. 1. M 


If the Power be to the weight, as the Semidiameter of the 
Cylinder to the length of the handle, or radius, the power in 
ſuch diſpoſition will be in Equilibris with the weight: And 1 
ſuppoſe the Power to be applicd in the extream or end of the 
radius, and to force the handle always perpendicular ; The rea- - 
fon is !clear, becauſe ( by the firſt Principle of this ) *tis then in 
Equilibrio, when the Power 1s to the weight, as the motion 
of the weight to the motion of the Power reciprocally. But 
the motion of the weight is to the motion of the Power, as 
its diſtance from the Axis, to. the diſtance .of the power 
from the ſame Axis : For while the power abſolves one cir- 
cle abour the Axis, the rope alfo is once turned about the Cy- 
linder, and the weight abfolves an equal motion to one circum - 
volution, or one circle of the Cylinder, but Circles are to each o- 
ther as are their Radius's, Therefore«if the Semidiameter of the 
Cylinder be to the length of the handle, as the power .to the 
weight, it will be in equi/ibrio, and the power will ſuſtain the 
weight ; which was to be demonſtrated. = S_ 

But that the force of this Evgiz may be the better concieved, 
cake the Semidiameter of the Cylinder, and compare it with 
the length of the handle, which take fromthe Axis to the point 
in which the power is applicd; and as often as the Semidia-. 
meter of the Cylinder is found in the length of the handle, 
{o often is the power multiplied; that is, ler there be a man 
in Equilibrio with 100 pounds, and let the Semidiameter of the 
Cylinder be 10 times found in the handle ;_I ſay, the ſame man 
can with chis Engin ſuſtain 1000 pounds. 


Corollary, II. 


4 


But if there be a greater proportion of the power to- the 
weight, than of the Semidiameter of the Cylinder to the length. 
of the handle, the Power will raiſe the weight; for greater 
force is required to move a weight, and roovercome its retiſt- 
ance, than to make it even, or level. | 
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60 © Mechamick Powers. Book II 

In like manner if there be greater proportion of the length 

of the handle to the Semidiameter of the Cylinder, than of the 

weight to the Power, the power-will be ſuperior to the weight. 
and overcome its refiſtance.. | 


Corollary.. IT. 


If che power move the handle by a line, not perpendicular- 
eo. the ſame; Its true diſtance from the- Axes or Prop. will be 
leſſer As it. in Fig. 48. the bandle be-BG, and the power. 
draws by the oblique line C E; the true diftance ob the power. 
according to which we ought to meaftire its increaſe or aug-. 
mentation will be the perpendicular-:B D ( asis ſhewn at Propo-- 
fition 19. of a Ballance or Leaver,) 


Corollary. IV. 


If a rope be. ſo turned about a Cylinder that ir-makes the: 
folding ſpiralor- that. one Spiral folds on another, it makes the 
difficulty of drawing greater, or increaſes the force of the 
weight; for when the Semidiameter of the Cylinder is increaſed, 
ir makes the proportion of the Ingth of the handle, to the 
Semidiameter of the Cylinder leſs ('by the 1oth. of 5th. Euclid. ) 
or, that-I may ſpeak-more plainly, the Semidiameter of the- 
Cylinder, is not fookien-found in the Tength of the-handle if it 

_ happen that the Cylimder:be-not long enough to hold alt: che 
Spires, but it ſhall be needful to put one Spire upon another, 
lince thoſe Spires ſo. pur upon ene another, neccſlarily in- 
creaſes the Semidiameter of-the Cylinder, the ſame weight will 
have unequal force, and will ſooner move the Clock or Watch, 
whence i follows that the firſt hours are unequal and ſhorter; . 
Bur if any one would have (for example ) the third hour 
morter than the reſt, Ter him increaſe the Cylinder of the Tym- 
oe ner the Spire which anſwers that hour and he wHl-have. 
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Corollary. 
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_ Corollary. V,. 


Fie.. 49- From this propoſition you-may underſtand where-- 
fore in watches, which are not animated by weights, but by 
ſprings, wherefore I ſay the C)l/inder about which the ſtring or 
chain winds is not made Cylindrical but Conical, as in this figure, 
for when the ſprings in the beginning, are more ſ{tretched.than. 
towards the end, therefore they have greater force than the 
reſt ; In the beginning they ought to draw by the Apex of the. 
Cone, thar is, then there is but a ſmall diftance from the Axis, 
but in the end they draw by the baſe of the Cone, in which 
part there is a greater diſtance from the fame Axis; to wir, 
that greater force drawing from a lefter diſtance, or in a ſmall- 
er motion, may be equal to the force of a lefſer. drawing from 
a greater diſtance : For'let the force of the fpring in the be- 
ginning of drawing, to: wit, when 'tis moſt ſtretched be equal 
to-0ne pound. weight, and -in the end equal- to the weight: of 
4 Ounces, or + part of a pound; the Semidiamerer of the 
Circle of the Cone in which the String or Chain is knit, in the: 
beginning of drawing ought to be + part of the Semidiameter 
of the Cones baſe, according to which. the drawing is made: 
in the end, for thus the force in each caſe will be : equal. and. 
will.draw uniformly. Ts 26 


Corollary. VT.. 
Fig. go: Hence: may: eallly. be:ſolved a queſtion oftentimes: 


propoſed to-me, to wit, whether the fame weight hanging on 
a. long cord.hath moreforce than if it hung. on. a ſhort cord; 


or whether it be harder to draw the weight A than the weight: 
B, which I ſuppoſe to be equal ; The reafon of the difficulty, 
ſeems: to be becauſe the. weight A is farther: diſtant from the. 
Axis of the Cylinder than the weight B, and therefore:ſcems to . 
require more force;. therefore we ſay not. any. diſtance .from.. 
the Axis is .the meaſure of the increaſe of force, but that.only. 
from whence follows greater motion; therefore. whether the 
weight exiſt in A or in B, while the Cylinder is turned round 
ance, the. weight aſcends according to a. line which 1s equal . 
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ro the Circumferencg 'of the Cylinder; therefore in each caſe 
the weight is equally moved, therefore.equally gravitates ; not- 
wifaſtanding I exclude the weight of the rope, or cord. 

Bur if theſe weights hang not freely, but the lines BD, A C 
ſhould: be of rigid matter and inflexible: Becaufe while the 
. Cylinder is turned about, . the weight A deſcribes a greater 
Circle than the weight B, the ſame weight A will have greater 

. force than the weight B, according to the proportion of 
. diſtances. | _ | | 


| ” N OY YT ” a " 
: | . 4 LO.” 5 i » #6 8 "182 8's >. 4 
. : %.. oat WP AER 3.4 bots "xi "4 L EN SC SRL IO Ak 6 => hw, 1 p [ PRA», Ren 2 - - , 
«\ L. . 3g Ts? «2 -. «HY \%. , >” \ F*. , $8. 4 : * no he . Son's ol : » 4 
4 $a ne Oe” 24 ».*1+ PT - | Y »% WA : 4 ; = 3» # 
- - % _ . ” X - 
f y l ' : - 
* 


PROPOS. II. 


, __ A Theorem. 


Hile a power adteth by the force of its own pravity, the in- 
VV creaſe of the Power doth not always ought to be required from 
the diſtance of the Axis. ws Fl 
- Fig. 51. Although we have toucht upon - this propoſition' 
already : Nevertheleſs we will-tit it peculiarly ro this.Engin, be- 
Cauſe that 'tis already known, and in- common uſe with ftone- 
diggers ; the Machine or Engin conſiſts of a large wheel into 
which men enter, and in which they walk, alfo a Cylmder 
about which the rope-is turned about, and an oblong neck, 
in whole extream or end is a Pulley ro: direct the weight ; Ir 
may be queſtioneC, whether the force of the power of the 
movent applied in' the extream' of. the Wheel be -increaſed, 
according to the proportion of. the Semidiamerer of the wheel 
to the Semidiameter of the Czlinder ; ro which I anſwer, it is 
not 1ſo, for when a man walks in a Wheel, :nd moves 'by 
gravity, tO wit, by. a line tending. ro the Centre of the. Earth, 
applied in divers parts:of the wheel, yea. ofter..times almoſt 
under-the Axis, ;Its true diſtance: is not to be -raken zccording 
to the Semidiz:neter, as if the raan were walking in the point 
A, when he nioves Þj' the line A B, his true diſtance is C D; as 
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A Thorem: 


_ , Of the windlace placed. vertically... © 
Fir. 52, N Lthough it matters not much how a Windlace is. 
: A. placed as to 1ts fite or polition,_ yet a Hindlace 
wioſe Axis 1s vertical hath this peculiar property, that it may 
be wrought by animals only, becanfe that:( properly ſpeaking) 
animals only have their motion Hortzontal;. although alfo ſome 
mills are made in which water moves the” Wjndlace vertically, 
yea, and the wind alfo,as we ſhall ſhzw; I have often wondered. 
that theſe kind of Mindlaces are no oftner made ufe of in: 
buildings, fince by the help ofa horfe only, greater ſtore: of 
Stones, or Bricks, or Morter, may be conveighed to the upper-- 
parts, of the building, than by 4. or 5; men ; Wherefore a ver- 
tical Windlace may be worked with a Mill-horte, and abour-the- 
Cylinder a double rope may be turned about, in'a contrary man-. 
net, ſo that ih the mean while that one- weight riſes, it ſends; 
down the other Inſtrument. The force of this Machine witl be. 
'vety great; for when a horſe can carry more than 3oo weight, 
| he will draw much more, or raiſe by drawing; we will” fup- 
poſe 500 weight, and his force increaſes according tothe Pro-- 
portion of A C to. A B; and: for the moſt! part AC contaihs. 
to lines of A B, from whence it will be; that one horſe alone: 
may raiſe 5000 pound: weight ; but if the weights ought not: 
to be ſo great, and it ſeem better to raiſe more ſmall weights: 
With reſpited force; than to take up a great: weight rogether, 
and ar:once, leſt che ropes be: broke, then you' may increaſe - 
the Cylinder AB to any thickneſs that you pleafe, for then:you:; 
will. eſſen the force of. the power, and. fooner take up. the: 
weigtit.:, | gt. yes. 
Nevertheleſs becauſe in this Machine or: Engin there ſeems; 
this incommodity,; that the weight being 'elevared, the Wind- 
lace ought. to: be turned--the: contrary: Way; ahd there. your 


be ſome loſs of time, to.turn the horſe the contrary way ; 
firſt *ris-certain that if men were placed to ihis Windlace, that 
inconveniency would ceaſe : Bur if yet you would ufe a horſe, 
make a compounded: Machine or Engin of two Windlaces, hav- 
ing two Cylinders With teeth, or toothed Zympanes, which ver- 
tical Windlace may move the other Horizontal, ſo thar if the 
'CoO2s or teeth of the Cylinder be put to the other, the Cylindex 
will be moved on one part; but if it incur in the other 
Cylinder, the Cylinder will be moved with a contrary moti- 
on; and *ris eaſy ſometimes to move one, and ſometimes 
the other Cyl;nder, with a moveable Leaver about the cardinal 


_ 


Fig. 53. This vertical Windlace is commonly uſed by ſea- 
men, chiefly in great ſhips, ſo that thereby they rake greax 
weights into ſhips, and draw out great anchors which require - 
great force, both by reaſon of their weight, as allo ro dig them 
out and draw them from the earth, wherein they ſtick faſt; 
where in one thing is to be. noted, that becauſe the Cables 
Or great Ropes are oftentimes ſo thick, that if they are rolled 
about the Cylinder, and Spire is put upon Spire, they grow to a 
great .moale, and render the Engin uſcleſs, therefore they turn 
only 3 Spires or 4, at moſt about the Cylinder, ſo that while a 

- Seaman turns-one end of the rope round it, the other 15 ralled 
away; And that it may always conlift in the middle, nor run 
through the whole Cylinder, the Cylinder is made broader at 

| the ends after the manner of a Cone, as you may fee in the 
Figure, for ſo the rope is. kept in the middle. : 

Fig.. 54. There are reduced to-the vertical Windlace or Axis 
in Peritrochio your leſſer water mills, in which the water diſ- 
poſed in the wheel forces it ſo, that the Wheel is moved 
Horizontally, and its Axes vertically ; We ufe this Engin when 
great ſtore of water is not at hand, and the greater the wheel 
3s, the greater will the ſtrengrth.of the water be, according to 
the proportion of the djameter of the Wheel to the diameter 
of the Mill; But in the ſame proportion decreaſes the velocity 
of mation in the Mill, for each turning round of the Wheel, 
anfwers each turning of the Mill, from whence it happens that 
great Care.muſt be taxen that the Wheel be not made greater 
than. is requiſite, for if i; be there follows a ſlowneſs in the mo- 
tion of the Mill, and the Engin is rendred lefs uſefull; likewiſe 
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if the Wheet be made Ie than the .tefiftance of the Milt 
requires, there will be no motion. ET So 

Fo the ſame Engine are recalled other wheels, which how- 
ſoever expoſed. to the wind, always turn. round ; for to what 
wind ſoever on one part, the Concavity of che. lirtle hatd 
rarfis, the convexity of the other is alſo turned,as if the wind 
blew dire&ly according to. the line A B, the wind will, couch 
the Concavity of the little hand AGB, and the Convexity of 
the little hand B A, but then it makes greater impreſſion while 
it incurs in theConcavity,than while in theConvexity ; becauſe 
then it eaſily flips away, this Wheel is turned from A by G in 
B: And the impreſſion of the wind may alfo eaſily be hindred 
ia the little hands A, and then it will be turned more yehe- 
mentcly, to wit, if there be placed ſome obſtacle. 

This kind of Windlace is uſed, as often as we uſe Animals, 
bur chiefly we uſe Mill-Horfes when we work Engins, ſuch as 
Mills, we grind all manner of Corn with, or Nuts, or Olives, 
or for the Extra@ion' of Oyl ; I omit feyeral other Engins, 
which part of them are recall'd co this kind of windlace. 


PROPOS. IV. 


- 
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leayer 


* 


- will nor be unprofitable briefly 'ro nore,” how wonderfully a, 
power. is augfnented by ufing'a double Leaver ;* for ler the 
leaver/be AB, its Prop C,'allo let: AC hero'C'B, as to Fr ;* 
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Sure it is the Power applied in the point A, is-equivalent to 
10 Powers equal to it 1elf, applied in the other leayer DF, fo 
that EF be to DE-as 10 to 1 ; the Power placed in Fis equi- 
valent to 19 Powers equal to it ſelf, in reſpe& of weight con- 
ftirared in D : But if the Teaver DF impells the leaver AB, 
the Power F will be equivalent to 100 powers equal to it ſelf, 
in order to a. weight conſtituted or placed,in the point B. 

And the reaſon is clear, the point F hath 10 times greater 
' motion than the point D, but when the point D is conjoined 
with the point A, they make the fame motion ; but the point 
A runs through 10 times a greater ſpace than the point B: 
Therefore (by the firſt principle of this) in ſuch diſpoſition of 
the Engin, the power conſtituted in the point F will be equi-. 
valent to 100, equal to it elf, in reſpect of weight placed in 
_ the point B. 

Fig. 56. Which Doctrine is applicable to Windlaces, if they 

are Vee in the ſame manner; as if the handle AC be 10 
times greater than the Semidiameter of the Cylinder B, and 
che Rope annexed to the Cylinder g, moves the Windlace E, 
by the end of the handle D F, which alſo is 1o times as great 
as the Semidiameter of the Cylinder E: I fay the power A is. 
100 times encreaſed with reſpeC to the weight G, which is 
manifeſt. FR i 

Fig. 57. Notwithſtanding, becauſe in this diſpoſition the 
Cylinder E abſolves only half the turning about, therefore 
this Engin 1s rendred uſeleſs in niany effe&s : Therefore if you 
would know the diſpoſition in which the leaver D E may al- 
ways draw, this will be, if the Rope be made (as they call ir) 
perpetually turned round about the Cylinder A, encompaſſing 
che Wheel B C of the Cylinder D, and this Engin may be 
moſt uleful, eſpecially when -the. two Cylinders A and D are 
diſtant from cach other a great Tpace ; :nevertheleſs. it hath: 
. this. inconvenier.cy, that oft times it, happens that the Cylinder. 

A is. moved alore althoug 2W. not 
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Sure it is the Power applied in the point A, 15-equivalent to 
10 Powers equal to it ſelf, applied in the other leayer DF, fo 
that EF be to DE-as 10 to 1 ; the Power placed in Fis equi- 
valent to 19 Powers equal to it ſelf, in reſpe& of weight con- 
ſtiraced in D : Bur if the Teaver DF impells the leaver AB, 
the Power F will be equivalent to 100 powers equal to it ſelf, 
in order to a weight conſtituted or placed,in the point B. 

And the reaſon is clear, the point F hath 10 times greater 
motion than the point D, but when the point D is conjoined 
with the point A, they make the fame motion ; but the point 
A runs through 1o times a greater ſpace than the point B : 
Therefore (by the firſt principle of this) in ſuch diſpoſition of 
the Engin, the power conſtituted in the point F will be equi- 
valent to 100, equal to it ſelf, in reſpe&t of weight placed in 
the point B. | 

Fig. 56. Which DoGErine is applicable to Windlaces, if they 
are Fited in the ſame manner; as if the handle AC be 10 
times greater than the Semidiameter of the Cylinder B, and 
che Rope annexed to the Cylinder g, moves the Windlace E, 
by the end of the handle D F, which alſo is 10 times as great 
as the Semidiameter of the Cylinder E : I fay the power A is 
100 times encreaſed with reſpeC&t to the weight G, which is 
manifeſt, 7 - 

Fig. 57. Notwithſtanding, becauſe in this diſpoſition the 
Cylinder E abſolves only half the turning about, therefore 
this Engin is rendred uſeleſs in many effe&s : Therefore if you 
would know the diſpoſition in which the leaver D E may al- 
ways draw, this will be, if the Rope be made (as they call ir) 
perpetually turned round about the Cylinder A, encompaſſing 
che Wheel B C of the Cylinder D, and this Engin may be 
moſt uſeful, eſpecially when -the two Cylinders A and D are 
diſtant from each other a great ſpace ; nevertheleſs it hath: 
. this. inconvenier.cy, that oft times it happens that the Cylinder. 
A is. moved alore although che Rope draw not ;. and therefore; 
they make the Cylinder A, rough with hollowings, and alfo. 
they make knots. or balls in the Rope which enter into the 
kollowiwngs, and: ſtay the Cylinder that it cannot move alone, 
as 1n the Figure E appears plainly. : RON 

Fig. 58. We uſe the ſame Engin, but-in a contrary manner 
when the power overcomes the reſiſtance of the weight by a 
iong ſpace, bur a moſt {wift motion. is demanded ; as if the. 
greater 
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Book III. | Mechanick Powers 67 
greater Wheel be A about which the Rope is folded, and: alfo 
about the lefſer Wheel B, whoſe Diameter is contained rotimes 
in the greater Diameter : 'Tis certain that every circumvolution | 
of the greater will anſwer 10 Circulations of the leſſer ; but 

in this diſpoſition the power is leflened ; that is, if the power 
as 1 be applied at the handle C, you may determine to raiſe E 
ſome weight hung to the Cylinder D, there will be required 
a power 10 times greater to take it up, if it be hung on the | 
Cylinder E. Howbeit this Engin is very uſeful, beaauſe oft 
times a power overcoming a reſiſtance ſuſtained by a great ex- 
ceſs, cannot otherwiſe conveniently be applied: So they which 
ſharpen Knives, and other edge Tools, on a Grindſtone, have 
greater force than to overcome that reſiſtance, whereby the Iron 
reſiſts the motion of: the Stone while it is held upon it, and =, 
requires a ſwift motion only, which cannot be produced from | 
the power in like manner, becauſe 'ris impollible to move the ' 
Arm ſo ſwift: In this caſe an Engin muſt be uſed, which en- | 
creaſes the motion, although it lefſen the force of the power : 
This Engin is eafie, and much uſed, and chiefly of Women | 
which Spin ; alſo when they draw out Silken Threads, or | 
double them ; alfo of © thoſe that polliſh pretious Stones, of 
Turners, and of many others, and I wonder that 'tis not uſed 
by more. | Bs, 


PROPOS. V. 
A Theorem. 
: Of Wheels with C 08S Or Teeth. 


Fig. 59. T Oothed Wheels are recalled ro Axis in Per/. 
trochio, and are eaſily underſtood by a perpe- 
rual leaver ; wonderful-is the increaſe of power in ufing ſuch 
an Engin. _ 
For ſince that while one Wheel is 10 times turned 
about, the other is but only once turned round, it Cauſes cach 
Wheel to increaſe in adecuple proportion,and therefore as ſhall 
KR 2 be 
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be demonſtrated elfewhere,. a number conſiſting of 5o Areth- 
metrical Figures, is greater ;than the number of Sands which: 
the , whole Circuit of the Firmament .can contain ; . but. the 
number of each Figure added, increaſes in a decuple propoti- 
on, and from thence the power'follows. _ 
The Demonſtration. Let there be a power in A which can 
draw to it ſelf 100 pounds, and'lt C'D be 10 times the Semi- 
diameter EF, and'let there be; ſo: many Teeth in the Wheel 
G, that EF may deſcribe 10 oxbs in .the' ſame time that the 
Wheel G deſcribes one ; Moreover let G be 10 times, turned 


round while the Wheel L :abſolves one circumvolurion, and 


ſo on; I ſay, the Power, as 100 placed in A, is able to elevate 
a weight of 100000 pounds. | 

Fox | ſince the power-.in' A -runs- through a ſpace 10 times. 
greater than the little Wheel 'EF, and the little Wheel EF 10 
times of the little Wheel M, and the little Wheel M 10 
times more than N, and this again 1o times more than the 
Cylinder GH: The power A runs through 100000 times greater 
ſpace than the weight P ; but che power tis increaſt according 


10 the proportion whereby its motion exceeds the motion or 


-the weight (by the'firſd-principle of this) therefore the power 
A in refſpe@ of the weight P, is equivalent to roooo0 powers 


E oy 


equal to it ſelf: but A is ſuppoſed robe able to draw to 
100 pound, therefore *tis equivolent to 10000 powers whick 
can each draw 100; bur ro0e0 of fuch powers can draw 


10000900 ; Therefare the power MA, by the help" of this 


Engin can draw 1000000 pounds, Which was to be demon- 
ſtrated. cans 


Bur on the contrary the weight loſes as much of its force ; 


whence if inſtead of the. weight P, a power be placed which 


can Elevate 100000 pounds, and the weight in the point A 
can only elevate a weight of one pound, but the loſs which 
the power A ſuffers, is ,in time, for it ought,, to make 1000 
Circumvolutions in the ſ1me ſpace of time that the Cylinder 
I, abſolves I. | | <1 

Allo this Engin is inverted,or changed, as often as the' force 


abounds in the power, ar.d a moſt ſwift motion is required in- 


% 
* ” » 


the weight, which may eafily be underſtood by the forefaid 


diſcourſe, ro wit, it the handle be in: the Axis I, 'tis certain, 
thar the Axis DE makes 1000 Cucumvolations in the ſame 
Lune LtHat I 0:1y makes ore. 
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A :Thegrem. 
To recall Taothed Wheels to: the Leaver. 


Fig. 60. k 44-3 whole multiplication of a -power by help 

of Wheels, is cafty to. recall to,Leavers, yea he, 

_ that dilligently conſiders the; nature of Wheels, may ealily con- 
hider the, perpetual leaver-in them, for each. Cog of the Wheel 
is. a Leaver, ' which are ſubſtirared to. themſelves by. turns, 19 
that one being deficient another ſucceeds jr. 

And that we may conſider the ſame in. the Multiplication. of | 
leavers, let there be 3.leavers: AB, DE, IH, andlet AC be 
to CB. as: to 10; in like manner DF to: FE, and EI to IH: 
I 00 the. power as 1in Hin reſpeCt of the weight A, is. & 

quivalent to. 1000 powers equal. to it ſelf... 
| ie Demonſtration. H is 10; times more moved than E or FE, 
and E - z0 times more than D or. B, and B 10 times more than 
A ; Therefore the motion of the power in. H.s 1000 times 

j more than the morion of the weight-in A: but if there ſhould: 

bp be only one leaver:K M it would be otherwiſe, -for the leaver 

b: LM would .be only 3o times the part KL, and ſo the 

bf power .in M would be equivalent oply tO. zo: powers equal ; 

# 0 it ſelf. | 

To this kind are recalled almoſt all Engins of any moment 
which we commonly uſe, and which in the following pro- 
£ poſitions I ſhall explicate, the Forces whereof if any One 

F would conſider, in general he muſt-meaſure both the, morion 

* of the weight, andof the power, and compare them. n beveen: 

7 themſclyes. 
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PROPOS. VII 
_ _ A Theorem. 
Of Engines moved by Water. | 


Fig. 61. Mong others thoſe Engines are moſt uſeful, 

which are rather moved by Inaninate things 
than by Animals ; becauſe that Inanimate things want not 
nouriſhment, and are never tired or wearied ; but Inanimate 
things which are wont to Anitnate Engines, are likewiſe all 
_ thoſe things which cauſe Motion, 'as Water, Wind, Smoak, any 
kind of Weights, Springs, &c. In this Propoſition I ſhall briefly 


handle thoſe Engins of that kind which are moved by Water : 
And I find that Water can move an Engin in a double manner, 
either by an acquired force. which can equalize a percuſſion, 
or {imply by weight - or gravity, thus ſome Wheels are made 
which bear Water on one part ; 1n which *ris requiſite to know 
the precife proportion of the Axis in Peritrochio: So that the 
weight of the Water may have the exact proportion of the 
Power, ard we ought to meaſure its force by the diſtance 
from the Axis, which in ſuch caſe the forces of the 
handles + bears: - but when running Water moves an En- 
gine or ''Machine--not by force of weight, but by acquired 
force, that is done either becauſe Water is conveyed by a plane 
much inclined, or:'rmanning into wings, or littie hands, bur 
which method is beft we will examine when we come to treat 
of Hydraulic Engines. rr BL: 
- Fig: 62. But "tis Certain that greaer' Wheels have moſt force, 
For When in'Windlaces the power is moved by a longer handle 
its force is increaſed, bur likewiſe a requiſite time 1s increaft, 
whence I often find in common Mills unneceſſary Expences laid 
out, to wit, they make the greater Wheels winged, in which 
the Water daſhes,alſo becauſe a flower motion ſhould follow in 
the Mill, they add a greater toothed Wheel which runs into a 
Ieſfer ; fo that while the greater makes one revolution, the Mill 


makes 


- 
a 
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makes $8 Circumvolutions ; Tt is ſuſficient that the firſt wheel 
A B, equipt with little hands, be made leſs by one half, 
alſo the wheel CD to be + of that; fo that ”EF ſhall make 
only 4 Circumvolutions in each rotation of the greater wheel 
AB; for the Water hath the fame force in reſpe& of the Mill 
E F, in moving by only 4. turnings about; and the Water will 
twice as ſoon turn the wheel AB, being lefſer by half; and if 
we weigh or conſider all theſe things exa&tly, and according 
to Mathematical . Rules, the ſame thing would happen if 
the wheel A B ſhould be eight times lefler, likewiſe C D ſhould 
be $8 times leſfer ; fo that each Circumvotation of the Toothed, 
or Cog wheel, ſhou:d anſwer each Circumvolation of the 
Mill E F. BY IT © 

Which things, as I have ſaid, are true, preciſely ſpeakinz, 
notwithſtanding we muſt conſider one thing, viz. That greater 
wheels becauſe they depart lefs fron a right line, therefore 
their little hands are longer forced by the Water ; bur in lefler 
wheels each little hand is fooner elevated, whence itt all theſe 
ſome mediocrity ought to be obſerved. 

Fig. 63. Not only Mills for grinding of Corn, but alſo 
moſt other Engines, yea, almoſt atl which are made in' Water 
are reduced to this kind; Firſt, att Mitls for' Corn, which are 
made on the banks of Rivers, or thofe thar are made in hitle 
Ships,and in the middle of Riyers, or other Engins which are 
for grinding of Nuts,or of ,Bones.to. powder, &e. Alſo Engines 
to make Paper, in which a woodey Cylinder of ſufficient mag- 
nitude ſtanding our, furniſhc” with lirtle troughs, takes u 
wooden Mallots, which bruiſe and, break” whatſoever is 'laid 
under them t9 powder'; your Gun-] owder: Mills in like manner 
conſiſting in a Cylinder, equipt with like troughs; which take 
up Peſtles- of Mortars; for in-all theſe -we maſt conſider Axis. 
in Peritrcchio, as well in the wheel which the Water forceth 
or driverh, as.ih the Cylinder and irs troughs,” taking up Mal- 


_ Fig. 64. Likewiſe Mills for Iron,” 'in which alfo a Cylinder 
equipt with little hands, takes up and lets down an Iron Mal- 
tet of a ſufficient greatneſs. : ED 


s . 


Fig. 65. And theſe are of divers kinds, according'as they 
are diverſly required to be made, for fome are greater,and 
fome are leſſer, ſome pound oftner than others. 


Fig. 66. 
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72 Mechanick Powers, Book 1ll. 
Fig. 66. Saws alſo which are drawn up and thruſt down 
by the handle ; alſo there is another part of the Saw which 
belongs to another kind; viz. to the Screw. Alſo Engines in 
which Bellows are wrought, or blowed, which-belong to. the 
ſame, manner, as to motion upwards and downwards, but if 
four. pair of Bellows are to be blowed together, the Axis ought 
to be made turning, or bowing, four oppofite ways, that they 


may be moved in any order, and in each Quadrant. 


oo ion. ——— 
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PROPOS. VIJ. 
A Theorem: 


of Engines that work by the gravity of Weights. 


| A Lfo Engines are moved by Weights,and the force of their 
A . Gravity, as are our Clocks, notwithſtanding I ſhall ſay 


#* « & ® + 


force of Powers, but to. ſhorten time, to wit, that that may 
be done in 2 ſhort time, which. was wont to be done in a 
whole day ; that, is, let an index of hours be moved in a whok 
dy, that it may ſhew the hours properly, if -a man fliould 
underfake that withour an Engine, he. woyld ſpend the whole 
day ; a, weight being ſubſticured. by a'man ir one minlite, in 
drawing or winding up the weight, uſes as much force. as is 
neceſlary to move the Hand or Needle the whole day. 

 The.lame.l fay, of Engines for the turning of Spirs in con- 
verens places, which have:-nothing peculiar bur 'theix motion 
of ſtaying,or ſtopping, which we ſhall treat of hereafter ; and 
cheſe -Engins are made after four manners, viz. with Weights, 
with Springs,by Smoak, and by ſome living Creatute walking 
ina Whce| : of Weights and Springs I ſhall fay nothing, for 
'tis maſt certain I have found nothing in -rhem more than tod- 
thed Wheels, and Axes in Peritrochio; and the Animals which 
are commonly made uſe of for the turning of Spits, are Dogs, 
bur Geeſe are better, for they will bear their Labour Jonger, 
ſo that if there he necd they will continue their Labour 1.2 
Hours. ; Prop- 
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. PROPOS. IX: - 
A Theorem. 


| Engines moved by Sm, 


Fig. 67: P Nginerwhich are..turn'd by Smoak, ſhew: plainly 
' 45 how much force is increaſed by Axis in Peritro- 
thio, for what force can there be leſs to impel and move a 
Weight than Smoak, nevertheleſs while this runs into the win- 
ged Wheel A B, all whoſe wings are bent'in the ſame part, 
if the wheeÞ-are fo fitted, that while C D makes four or tive 
Circumvolations, the wheel E makes one ; and in like manner 
while the wheel E, or that annext to it F, is turned four or five. 
times,the rightline G is only onceturned ; A B makes 25 circu- 
lations in the ſame time that G,viz:the Spit makes one,] ſay,trom 
this multiplication of motion in the power, to. wit, in the 
Smoak, or in the wheel, into which the Smoak enters, the im- 
pulſive force of the Smoak is increaſed 25 times, with reſpect 
0 the reſiſtance of the Spit placed in the point G, and 1 do 
not = any thing more in this Engine worth our taking no- 
tice of, COIL: 


© PROPOS. X. 
: A Theorem. 
< Of Eng mes working by the Wand. - 


Fig. 69. He reaſon is the ſame of Mills turned by rhe 
' & Wind, in which alſo the fails are bent. in the 
ſame part, for they are not directly oppoſite to the wind, bur 
every one in. ons. and the ſame 'part are ſomewhat oblique, - 
PF, * almott 
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94 . Mechanick Powers. Book FI. 
almoſt in the fame manner that Boys make paper Wheels on 
2 Reed; ſothar while rhey ranand hold- irm rhe Air, '*tis ea. 
ſily turn'd, and becauſe the force of the Wind and the vio- 
lence is very ſtrong, the Mill. makes 'more*curnings about than 
the winged wheel in a contrary manner, as in the precedent 
Engine. And the ſame queſtion may be made of this kind of 
Wind-mill, which is madeof common ones, ro wit, whether- 
they may not be more: compendiouſlly compoſed than com- 
monly they are made ; 'for fince by 'the multiplication of the 
Wheels the ' motion of the Mill is increaſt, whether or no it 
would be better to make lefler wings, whence it. will come to: 
paſs that the firſt Wheel will compleat its revolution ſooner, 
and' therefore there will not need ſo much unultiplication” of 
the Wheels, that the firſt Mill ſhould obtain rhe ſame motion ; 
'ris alſo worth our conſideration that the wind: is not applied; 
in one place only, bur almoſt in the whole wing or*ſail ,- and- 
therefore the greater the fail or wing is, the wind will nor 
only have the greater force, becauſe that. it makes gteater mo- 
tion in the extream_ with reſpe& to. the motion of the mill, . 
but alſo more plenty of wind: is adhibited, 'whence I think 


*tis betrer to uſe longer wings or ſails than ſhorter. * 
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The Art of Malls depends-0n Axis im Peritrochio. 
== reckon up all the Arts which depend on Axis in Per:- 
_ F. rrochio would. be-a thing not unpleaſant, bur almoſt an 
endleſs piece of work, and would be rather like a Hiſtory than. 
a Theorey, in which I chiefly write of the principal cauſes of 
Engines, ſhewing by- what ingenuity every.one may deſign or 
contrive Engins after his own manner meet for the purpoſe. 
And I ſhall infift a. lictle on the making'of Mills, that we may 
know how great profit we. receive to the commodity of life. 
from Axis in Peritrechio ;..and although thoſe that are chiefly - 
ordained,are Mills for. grinding of Whear,and other Seeds, that 
bread -may be made of flower, yet. ſome part of them are 
deſigned .to other uſes; for as much as the outer Wheel is. 
common to all, which by. water running into it, 'turhs it and- 
the Axis abuut. For if Woot, or Hemp, or Flax, be co be. 
pounded, or any bedy. ground:to Powdcr, if. old Rags are i 
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be beat tro pieces to make Paper, little pegs or pins are fixt- co 
the ' Axis, which in rurning about meer with the pins of Fe- 
files and'raife them, and depreſs them, and their weight fall- 
ing on the marter laid underneath, either. batters or breaks ic 
ro-pieces, . or beats it to powder in' Mortars. 


In the ſame manner Peſttes may be difpoſed to match with: 
their hollow Cylinders, which beingelevared by the little pins 
of the Axis, attraft the water into the hollow Cytinders, or 
ruſhing in nacurallythey- admit it through the” Cells, then: 
fllitg down by their gravity, they preſs the Water through 
the Tub, and force' it to afcend roan higher place. Or if - 
you like not Peſtles fo great and heavy, and would force W- 
rer to a higher place, diſpoſe a pair of Peftles'by a Rope, or 
Chain, put through the hollow of the upper Wheel, and paſ- 
fing over the Periphery joins them, or rather overthwart, 
like weights joined to x Beam, fo that while one is depreſt the 
other is raifed. And the pin of the Axis deprefles the Peſtle, 
by whofe force 'the warer 'afcending in the Tub'is'preſt, and 
the otherPeſtle being lifred up draws the Water placed-beneath, 
which in like manner is preſt down after that by the pin of the. 
Axis anſwering its pinion; from hence ir comes to- paſs that a. 
longer Axis may be added to the Wheel, and more' pairs: of. 


this kind of Peſtles in like manner may be diſpoſed, and the - 
pins in'the Periphery of the Axis10 diſtributed, that nat only 
more Peſtles may preſs or force down together, bur every. one 
after another, if rhe power turning the wheel be not altogether 
ſo ſtrong, if nor, and it ſhould be ſtronger; you may depreſs 
more together, and raiſe choſe that aniwer them ; unleſs by 
chance it pleaſe more,to make uſe of two pair-of Peſttes in the 
ſame manner, withn-ſo many pins placed in the Axis, -that in one - 
going round of the ſame Axis, the ſame Peſtle may be de; r2} 
twice Or thrice. | OT ROI 
- Moreover to this place appertains, what we ſez in many 
places in the Work-houſes of Hammer-Smiths of Copper. r I- 
ron; Where alfo the outer: wheel being turn'd abour, ard tic 
force of water failing, the' irner wheel :1n the room turns. as” 
if -it were turn'd - by - the hand, - which radius of the up;er. 
Axis is-fixt parallel to the Horizon, and, a'rule joined Io it i! a: 
may be folded in the Joints, while it lifes up and depreiles thac * 
which is overthwart ;' on the other end .of the lame Axis, ta-_ 
king' up in like manner from he an depreflins from hence, 
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it procures an altern or changable motion to the. Bellows ; and 
the other wheel receiving a ſtronger force of Water falling 
down, and turning its Axis abour, the pins fixt at the other 
end of the Axis deprefſes the little Tafter or leaver, whoſe op- 
poſite end being rayſed, is joyned to- a great Iron Hammer, 
which beſides the fall of the Axis with pins of it ſelf, light-: 
inz or falling upon the ſubjected copper or Iron being burnt ins 
rhe fire, beats or hammers it.. bu” 

In all theſe the Semidiameter. of the Wheels to.be confider'd, 
in whoſe little: branches ſtanding out the water running into,. 
retains. the force of the moving power ; but the Semidiameter 
of the Axis i3 not to.be confider'd alone, bur alfo the length- 
of the pins that. ſtick out to-be added, ſothat from both is made. 
one only Semidiameter of. motion which is communicated to the 
peſtle, or to the depreſt end of the Hammer or Sledge. I ſay, to 

the depreſſed. end of the Hammer, for the elevation of the. 
Hammer is ſomewhat greater than its depreſlion that a ſtronger 
blow may follow ; for neither the little rafter. or layer is alro- 
gether equally divided from its Axts on which it ffays tpon,, 
put the Hammer isa little farther from it,than the oppoſite end 
wiich is depreſſed, and therefore.the deprefling force is greater. 
than if the leaver were diſtinguiſhed into equal parts. Like- 
wife in the motion” of Bellows; firſt, the Semidiamer of the- 
wheel is to be compared with the adjoining handle, moreover - 
the radius. fixt to.the ſuperior Axis, mult be compared with 
half the piece that goes a crofs.to which.the Bellows are joined, 
and from theſe two proportions is compounded a proportion - 
of motion,or moyement of the power, to. the motion or move-.. 
ment of the weight moved. . : 


But yet in Mills. whoſe. grinding ſtone: for: Corn is- turned: 
round parallel to an Horizontal. plane,yea,and that very ſwiftly, 
that the gtain may be diflolved into flower, 'tis not enough 
that the outex wheel receives force from' the. Water turning the 
Axis fixt to it, but alſo the lower toothed Wheel.is required to; 
be in the fame Axis ; and that the members,or parts,of the En- . 
gin be not multiplied; in vain, they commonly to diſpoſe the - 
Mill-ſtones, that the Iron Axis that ſuſtains the upper Mill- 
ſtone, being furnifhe with a place to turn, .or run in, obtairs:., 
the lower place, and therefore the runner as near as may-be 
rouches lightly, the upper part of the neither toothed Wheel . 
with 1ts plane, having the ſame; Axis with. the outer Wheel. 
a Ty But: 
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Bur if the Mill- ſtones cannot be' placed. in a plane beneath, or 
above that which turns.,the lower toothed Wheel, but only 
a little beneath, or above, the. Axis: of the lame Wheel ; -be= 
cauſe the chamfred. turning, JoInk- Joining: very near r0the 
Mill-Rone, and fo rarning the; Spore; is- diftant from the too: : 
thed, Wheel, and this doth not-ſo oqurenicnly! admit of- ſuch: 
long Teeth which the lame- turning; Joints, or the little rods of 
the runner, are able, @ mix with:fitly. ; . therefore there is _re- 
quired another Axis perpendicular-to;the; Horizon :with a run- 
ner,and, a fixt Wheel, Which, ſhall eaxn: about; the lower Wheel 
of this Runner, forcing its little Rods. with its Teeth; :for-the'- 
roothed Wheel.paralleLto the 'Horizon,. being fixr'to: the fame 
perpendicular Axis, is turn'd about together, and being Joined” 
with the runner of the Mill-ſtone turns it' round. 
Hete.alſo, are many proportions compounded, the firſt is 
the proportion. of the Diameter of the.outer Wheel, to the Di-- 
. ameter of the inner Wheek in. the-ſame Axis ;- moreover'the + 
proportion of the Diameter of. the Runner of the Mill-ſtone ad-' | 
hering to the Mill-ſtone turning round the Diameter ( whe- ' 
ther the whole Diameter be allowed, or only that part which 
is the Diameter of the Circle in the rotation of the Mill-ſtone - 
_ deſcribed from the point between the Centre and the middleof 
the Periphery-) and if, as-in. the ſecond caſe, the perpendicu-' 
lar Axis mult be placed between; beſides in the Compoſition, 
comes the proprotion of the Diameter of the runner to the+ 
Diameter of the toothed: Wheel, :perpendicular in the ſame. 
Axis; from. whence it appears to. be better, 'that the Diameter: 
of the inner - Wheel. be: les: than. the: Diameter of-the outer. 
Wheel, that. the force of the Water forcing-this. may be more + 
trong; but alſo we muſt take heed-thart we do not make it roo- 
lictle, fo that its number of teeth ſcarce exceed the number of : 
little Rods. of the runner adhering. to the Mill, for this will: 
cauſe it to move too ſlowly; and if the perpendicular Axis be in. 
the middle, ſuppoſing this equality of Teeth, and-of-the little : 
Rods of the runner, -one turning round. of the. outer ' Wheel 
will only once tuzn-round the toothed: Wheel parallel tothe | 
Horizon,., and therefore in the ſame time the Mill wilt be'on-- 
ty fo many times turn'd about, as che. number of little rods of”. 
its runner is Contained in-the number of Teeth of. the toothed: 
Wheel. fixt 1 in the perpendicular AXIS... 
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But'as you increafe the number of times of the Mill's rurn- 
ing:round,take heed that the diheulty of moving in like manner 
be;not; increaft more-thatineeds muſt 3-to WE; ' 1 the Diameter 
« ob. the ranner in-rhe perpendiculatiAfis be exceſſively lefs than 
tho-Dimeter of th&'Toothed! Wheel in the fame Axis ; if fo be, 
a:power- applied'in-the' tunner'will 'be moved much flower 
than a weight. applied: at the end of the wheel ' with Teeth, 
and: therefore the difficulty 'of : moving increaſed: Wherefore 
all ehings-maſt be wiſely 'adminiftred; that. neither the force 'of 


"4 \ 


the: moving: power.be:tired in vain, nor-the Mill be moved 


{lower or :{wifter thanineed>is;- 20 cd 
But if ir-pleaſe ' nor; | or the diſpoſition of the' place permit 
not. the middle. Axis to- ſtand perpendicular, but.'it- happens 
more conveniently to-be parallel ro-the Horizon, then the Feeth 
of the:inner. wheel:having thei ſame Axis. with the outerwheel 
naalt not be fixt in-the: plane, but- require to! be faſtned- in the 
extream Periphery,;. that they” may turn the runner of the: ſu- 
perior: Axis, (whether greater or leſſer, according as is needful) 
and: with it the wheel that is Toothed, not in the Periphery, 
but.:in-: the Plane, from which - the runner of the Mill is: 
turned... ETC IE RET 7 nes Ln 
\\Neither otherwife than before, -is- the proportion of force” 
coimmpounded, to wit, of the ' proportions of Tympanes: or : 
Water-mill wheels, or Crane! wheels, which have a common. 
Axis, a5 appears from what hath been ſaid. Serb þ 
Hence we obſerve;:. becauſe the moving power is Warer, - 
that che-form of a-wheel 'receiving- Water is not to be always 
the. fame; . for. thofe wheets' which are placed in a rupning. 
Water would de:inconvenient if they have a very large Diame- 
_ xr; pr if bur a little Water falling,the Impetus or force will be. 
repelled; if the [liccle hands be' prepared to ſmall. Therefore 
wheels. of this kind fhould have indifferent Diameters, - but the 
liztle. hands poalteſs a very conſiderable parriof the Axis, being 
difplaid vesy..nigh the: length vf the Axis, -that ſo: by - much 
Water. rapmng; into thent.they rurn round with a ſtronger 
force ; foi:in the River. Poe wy Traly, commonly the length of 
this wheel 1s' 15. Feet, this whole Diameter 9 Feer-; the Dia- 
mater. -of the: neither Stone is. 8 Feet 3. Inches, having 108 
Teerh fixed: in: thd-plane,' and the runner of the Mill 1s di-- 
finguithed into 9 Spindles.;- and the Stone of the Mill in thick- 
n:is 6 or 7 Inches, and its Diamezer 3 Feet 9 Inches: Bur 
| becauſe 
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becauſe the motion of Water ftallins from on high is greater 
than of a running Water, therefore the Diameters of the 
wheels ougbt to be larger 1f there-be need, and ir ſaffices if the 
breadth: of 'the little hands be- very indifferent, as" being. in- 
cluded in a Channel or Pipe, by which' the Water falling' de- 


cays, or is loſt ; Thar is to ſay, a little” Water falling from a 


Plane more. elevated, hath greater force than from a Plane al. 
moſt Horizontal; and beltdes a wheel of @ larger Diameter is 
eaſier turned although from leſs water, -for it hath greater 


proportion to- the- inner: wheel from 'the'other pairs. More- 


over- the little hands commonly are plain, or but little benr, 
ſo that the water may run abroad here 21d there ;: nevertHe- 
leſs ſometimes they are concluded 6n'each part with a ledge, 
or welt, as it were a little Veſſel:containing water for ſometime, 
{o that the weight of the included water helps the turning, by 
preſſing downwards ; Moreover in an-inclined channel; the 
force” of the water is greater -in-the lower part/ than' in* the 
upper. near- the beginning of ihe fall; 'ro-wir, becauſe. water. 
naturally deſcending. hathan-accelerated motion; and acquires 


an impetus from the deſcent of the antecedent. 

Hitherto we have-confidered :of. Mills which-are: drove by 
the force. of water, adding nothing concerning thofe which 
are turned. by Men,or- by living Cteatures, for-theſe have no- 


thing peculiar; beſides that- the Axis of the-firſt wheel which. 


procures the- mdtion of the-reſt of the conſequent- parts, is. 
perpendicular to the Hiyizon, becauſe a power moves eaſter itt 
« tt. Horizontal plane, than in a+ vertical wheel, or Tympane; 
which is trod or. trampled on ; and inſtead of the outer wheet 
driven by the water, a Bar is-fixt- ro the Axis, which they'ei» 
ther draw by Cattle, or- work with-Men. 7701 
Notwithſtanding. we; will” ſay- ſomewhat. of Mills which' 
are wrought by-che Wind; whether they be for grinding of 
Corn, or bruiſing of Fruit, or whether they be. for working 
of. Pumps, whereby waters are drawn from low grounds thar-: 
are overflowed :: For that which belongs- to the inner artifice' 
of wheels and ranners, are like thoſe which are fount& ih our 
Mills moved by the force of water, unleſs -rhat in thoſe, that 
| being remote from a level plane (if ſo-be a fir place be grant- 
ed, and the wind caught by a large van) they afcend 'by a 
pair of Stairs, and the Corn, or Fruit, is carried into the upper - 
. place which they. intend.. to grind, bruiſe or break, a the.. 
: TIOWcCL 
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Flower-.is transferred from thence :* Which labour-the' Miller 
may be. eaſed of, if .by., the ſame labour whereby the wind 
turns the prime Axis with. its wheels; Sacks fall of Wheat, or 
Flower, may be taker;,up,or let down, , with'/a Rope .drawna- 
bout the Axis, : being lapt up, or unfelded ; That -which is 
chiefly ro be conſidered in this kind of :MiHls,is that which per- 
rains to the Vans,or Sails, which receiye the ;wind, for even as 
the plane of the wheel is not direQted according to the running 
of. the. water, ſo neither -have .the Sails ſuch a diſpoſure that 
they follow the leading of the wind :.; Burt,che:ypper:ipart of 
the little Houſe wherein the Axis. with:xthe, Teothed wheel is + 
contained, is tarned abour; until the: Vans, or Sails, are ſet .a- 
gainſt the blowing of, the wind. - rants agony ot, 
And the Vans or Sails are as'it were 4 Ladders Conjoined at 
Tight Angles in the end of the prime Axis, each. whereof is 
covered over with Linen Cloath to refiſt the wind, which if ir 
be pretty ſtrong, the folded. part of the Cloath will admit of 
ſome paſſage to the wind ; notwithſtanding - theſe Vans or 
Sails, are not ſo equally placed, as to be in one;and the ſame 
vertical plane, but the plane of each Sail is placed e/ique re 
the other ſide, withdrawing ir ſelf by little and little from the 
wind.; whence it makes the wind running between the inter- 
'vals of the four Sails to repel on;the-fides, - and as it were 10 
1mite-the Sails by.an Elbow,, and fo the. Axis 4s rarned-accord- 
ing to the Inclination of 'the Sails ; for if there were:no obliquity 
- of the Sails, and all as it were made one plane in which the + 
Axis would be perpendicular, it would be uncertain in which 
-part the turning would be; that which belongs ro the breadth 
or .length of theſe kind. of Sails obliquely placed, ”tis not doubr- 
ed but that the breadth of them helps-the morion, yery;. much; 


-becaule being placed: in te ſame ob/zquity, -a greater ' part .of 
the Air runs into a larger. than a narrower Cloth; and in a 
very ſtrong Wind, leaſt the velocity of the Engin be over much, 
we find ſometimes that covering half the Sails with Cloth 
will do ;, but whether or no/ 'tis:worth ; while to encreaſe the 
leggth; of them, is uncertain: ; Fgr although-a power more di- 
ſtant-from the centre of motion hath-more force, notwithſtand- 
ing, becauſe the ends of long Sails are very;much diſtant: be- 
tween themſelves, the wind having obtain'd a larger ſpace, 
-hath Jeſs. force; as alſo water flows {wifter, and with a' greater 
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endeayour-through a ſmall narrow place, than it runsthrough 
a wide open Channel; therefore I dare not intirely define in 
theſe kind of Sails, in 'what place the forces of the moving 
power ſhould be placed; as it were in the centre of vertue, or 
force; for near the Axis .to which they are faſtned, the di- 
ſtance is ſmall, and the Wind as it were their objeCt-beihg 
ſtopped, blows: more ſwiftly: And further from the Axis in a 
greater ſpace, it '{lides away more eaſily, and leſs incites' the 
courſe of the Sails ; bur for as much as we muſt not raſhly 
appoint the compreſſion of the wind altogether ro anſwer the 
changeable diſtances of the Sails, which are in the ſame pro- 
proportion as their diftance from the Axis ; neither can it ea- 
tily ,be affirmed, thar. the force of the Wind by comprethon 
doth decreaſe:in the ſame proportion, whereby the fame mo- 
tion increaſes by the diſtance from the Axis, from whence there 
would be a compound motion of the diſtance from the Axis, 
and of the force of compreſſion to be equally diffuſed through 
the whole length of the Sail or Vane, and therefore the centre 
of the moving force would be in: the middle of the lengrh. 
Nevertheleſs: all things rightly conſidered, I efteem the centre 
of this force to which the power is underſtood to be applied, 
to be not far from the middle of thelength of the Vane or Sail, 
unleſs by chance the Vanes ſhould be ſuch, that their breadth 
be increafſt by departing, or being placed further from the 
Axis, for ſo the diſtance being leſlened in the ends of the Sails, 
the comprellion of the wind is likewiſe increaſt. 

Bur if you imagine any inconvenience to happen, Dy the 
Poles lying upon the little Houſe, and its being-rurned { », as 
the ſails to be again the wind which they receive ; you may 
on the top of the Houſe in an open place expoſed to ail Winds, 
place an Axis of ſufficient ſtrength perpendicular to the Hor1- 
Zon, about which you muſt place the toothed Wheel pa- 
rallel to the Horizon, from whole turning abour, the Mill ar 
laſt is turned; and the breadth of the fails according tro the 
length of the Axis, muſt be placed in the ſame upper part with- 
out the Roof, that rhe Wind blowing, they may receive the 
force of it; even as Water flowing, the farce is received by 
the little hands of the Wheels. Bur becauſe plain even fails, 
ſeem leſs apt ro continue the rotation, ſince thofe which are 
Oppoſite to the Diameter, are at laſt equally expoſed to the 
force of the Wind, and would be forced neither to the righr 
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| hand rather than: to the left;- and therefore the turning-round 
would ceaſe ; therefore the ſails ſhould be made a little crook- 
ed, or bowing, for by this reaſon: they will be made fo, that 
the oppoſits will be. unequally preſt on, and'the Wind will at- 
tack with unequal force: the convex face of the right, bur the- 
hollow. face of the left Sail, to wit, it doth-as. it were remove- 
it ſelf ro the Wind, neither is:the:end of its motion. very much 
oppoſed, according-to the bowed-direCtion'of: the Wind ; and 
I make this hollowing ſo bending: every way, that receiving 
the Wind, ic receives its whole force: Moreover the particles 
of Wind incurring in the two Sails that: are next each other, 
are refleted from the convex of one face to rhe hollow of the- 
other face, and increaſes the force, or impulſion ; bur : if 
you pleaſe not- to have four, but five Sails, leſt at- any time 
two be oppoſed by the Diameter, 'I ſhall nor deny it. Cer- 
rain it is, that the length and breadth of theſe- kind of Sails. 
help very much, for the larger they are, the more wind they 
receive, and the longer they are, the further they be from the 
centre of motion, and have more force : But how the Machine, 
or Engin, muſt. be ſtopt or ſtayed by folding or unfolding; the- 
covering of Cloth, that it do not work when the Miller would: 
have it ſtand till; I ſhall not here diſpute, where we are only 
conſidering the force of moving ; netther doth the ſole uſe of 
this Mill conſiſt in grinding of: Wheat,or other Grain, bur alſo. 
in railing and turning waters another way, that: marſhes may 
be drained, and other things of the ſame kind, which. preſent: 
body always moving, they are not. tyed to a -certain-time, e-- 
ven. aSin the work of grinding, which-is.not always. uſed. 
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A Pully 1s an Engin conſl ſting. of one or more little wheels 

rurning eaſily about their Axis, in which a -Rope being 
drawn about the wheel, we draw, or raiſe'a weight; there is 
no need of a larger Definirion, ſince almoſt every one knows, 
and hath ſeen this kind of Engin, although there are very few 
that underſtand their force rightly, or wherefore they are -u- 
ſed; and ſometimes *tis wont to be uſed with one wheel only, 
and then 'tis called Monoſpaſtas, Or. of. a double .-wheel, -and-is 
called Diſpaſtos, or 'tis trebly a and is called Polys- 


paſtos. 
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A Thorem. Ms 7 anno 
4 Sie TRAY T5 Pully neither adds ; nor ; do 
niſhes- Force. YO oy 


Fig. 69. 3 6- there be'a fi ogle* immoveable Pally” IA B, G 

that the wheel only-is turn'd abour its:Axis, and 

let the ſnatch-block' be-immovable ; -L fay, -thar Pully :will-not 
M 2 
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Book IV.. 
encreaſe the force of the Power, properly ſpeaking, ſo thatthe- 
whole advantage which accrues from ſuch an Engin, is, that. 
the Rope be not worn, ' and that difhculty ſkun'd which ariſes: 
not exatly. from the- weight, but from the wearing of the 
Rope. 

The Demonſtration. An Engin then helps not the Power, 
when the motion of the Power and of the weight is equal ;., 
bur in the caſe propoſed,the motion of the weight,and- the mo- 
tion of the power are equal, which:I thus make appear: Firſt, 
underſtand” the weight in D, and:the power in E, draw the: 
Rope, and the power drawing the end of the Rope deſcends. 
in the point G, and: in the mean while the weight D-aſcends 
in H, becauſe in both ſites or poſitions. the length of the Rope 
is not Changed, D A E will be equatro the Rope H A G, and 
by ſubſtrafting the common ſegment H AF, there remains 
the lines DH, EG equal; but E G 1s the motion of the pow- 
er, HD the motion of the weight ; therefore the motion of 
the weight and*of the-power are equal, wherefore the-weight 
is neither increaſt nor diminiſht, and the- power hath the-ſame - 

force only, becauſe if by it {cIf (no Engin intervening) it be 

Joined ro-the weight, it moves ſo muck as the weight; there-. 
fore the force is increaſed-nothing by this Engin ; which was . 
to be demonſtrated. 
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PROPOS, I. 
mT” * © 08 
APower is eafily applied by a fuagle mmmovable Pully, 


- Erthere betwo Powers ; ſuppoſe Men,raifing equal weights, 
L4.and let . one uſe: a Pully, and the other no ſuch -lyltru- 
ment, I fay, the: firſt can+ eafter apply his foree or {trength ro 
{ſuch weight, than the ſecond.; for exher the weight will be. 
placed beneath the Man, or above : If the firſt, the endeavour 
will be ſo; that the tractive'force of the Man'in ſuch caſe will 
be paſited in this; that the Man will be a little bant, the force - 
of .the.;Nexyes , will. endeavour. to reſtore themſelves to a4 
- W.OQNLEG: 
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wonted reCtitude, or ro hinder ſuch bending or crookednelſs ; 
therefore.when-a weight is-taken up-in-thts-manner;--oft-times 
the endeavour is in the knees and the whole Body ; or the 
weight to be raiſed: is:;placed 1m an upper place, and then in 
like manner we muſt have recourſe to the force of the Nerves, . 
but when we uſe a Pully hung m;an:upper place, we may ap- 


ply the weight of our body, 'Befides*this kind of force of the 


Nerves, and oft-times without .any endeavour of the Nerves, 
therefore *(js not ſo troubleſome. vo 439; ts 
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5 WROPOS;. If. 
_ A Theorem: 
Large Pullies are moſt uſeful. 


Fig.. 71. \ Lthough- asI have ſhewn inthe firſt Propoſition; . 

A. that- one Pully whoſe Snatch-block is immova- 
ble, neither increaſes nor diminithes the force of the power ; 
nevertheleſs we have faid alfo, itt'adds to-the facility, becauſe 
that it faves the wearing, or rubbing of the Rope, bur there is- 
found ſome, . .although but. little: refiftance, in the 'Axis of 


the Pully,. which oughtto be rarn'd abour ; Lay; this difficul-- 


ty will be.leflened; by. how much the Orb of the:Pully'is grea- 
ter, for than the Semidiameter.of.the Pully;” or ' Rundle, is:-4s 
it were a.Leaver, and the Semidiameter of the. Axis as it were - 
a. Cylinder 11 a wheel), or Peritrcchio; andby how much greater 


the propoxtion of the handle is to; theiEylmder,' fo mucly the 
eater is.che; motion; as becaule. there. is:.Zreater: proportion of 
the line G D, .to the radius-of the: Axis, than of zhe-line G B, 
the reſiſtance is eafter overcome, which is made ifiithe circuit - 


ference of the Axis, while the Pully:is turned abour it, 
There is alſo another conveniency in large Pullies, 'to wie, 
that. the Rope..is not ſo often folded, and conſequently nor fo - 


much rubbed, or worn ;, but I ſuppoſe: alwaies' Pullys to be. 
moveable abour their Axes, for it they ſhould not, we muſt. 


reaſon otherwile.. 
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A Man may take | up a Weght i heavier than hmſelf 


with a fmgle immovable Pully. 


I" His Queſtion hath been put to me more than once, whe- 


ther or no a Man can-rcake- up, or raiſe a weight heavier 
than himſelf, witty a'fingle immovable Pully ( 1 always under- 
ſtand the Snatch-block immovable.) or whether a man thar 
weighs 150 pounds, can raiſe-a-weight of 200 pounds ? But I 
devide the cafe, to wir, either a man ſo ſingly ſtands, that the 


force of his weight, or . gravity, only infifts on the Pavemer;, 


or his Knees, and' his whole body ſo indeavours, that the force 


of this endeavour adhears -to ſome other Body ; if this ſecond 


happen, a man-may elevare. a weight heavier than himſelf, 
10-Wit;\ becauſe, belides the. weight of the man which may be 
allapplyed, . there may be alfo a contrary endeavour from the 
xefiſtance of the Nerves, fo that while I would rake up one, 
wwith-the Pally I rake. up more ; ſome Knees endeavour fo, thar 
they:cleaye ro :Benfhes, or iFormes,. and lift up the Bench: s to- 
gether: with them, : whence from ſuch endeavour an union is 
made of the Benches\with the: Man ; that I may betrer explain 
wy 1elf, ſuppoſe. a man; has 5o pound: weight upon his Feer, 
and both: his hands to:lay hold on a-Rope faltned in an upper 
place, it the weight,on- the other part be very great, the. man 
may. by hanging.onthe: Rope hft up his Feet, and elevate or 
raiſe the;weighs of. 50 pounds, in which caſe, bettdes a weight 
equal to: himfglf, he may elevate.5o pounds. | POW 1 

Bur if he :fipgly ſtands on the Ground, experience teaches 
us-that he will only elevate 150 pounds. 


Bur we muſt argue atherwiſe in drawing of weight inſiſting 
en the-ground, .or.on.an inclined plane, for fince weight doth 
not. preciſely reſiſt; an : Hcrizovtal motion, -a Certain rule can 


ſcarce be made ; for it depends on the evenneſs of the body 


on which the weight ſtands, or lies. 
P R O- 
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PROPOS V. 
A Theorem 


Many ;mmovable Pullys. onhby ed's nor diminiſh 
the force of a Power. 


Fig. 72. Er the. ſeveral: Pullys: be: E.F G, whoſe: Snatch. - 
blocks are-immowuble;! I ſay, alhough we:uſe 

them ar, the force of; the 'power is naklunir augmented” 

nor diminiſhr: For kt.the power berin:A, and the weight ! in: 

C, draw. the Rope in: B;; and:the weight aſcends in D.. 

The Demonſtrat on. Forees of Powers are neither diminiſht-: 
nor increaſed by an Engin, when the motion of the power is. 
: equ2l-to-the motion-of the-weight, but--in-- this - caſe- it-thus- 
happens ; for when the Rope AEFGC, is the ſame by ſup- 
poſition, as the Rope'B E F'G D, they will tbe equal, 1 tlie 
} common ſegment AEFGD beingraken away, there remains. 
bk D Cequalto A B ; bur AB. is. the-1 moyion of the power, and: 
| D C the motion of the weight, therefore. the motion of the- 

| power, and of the weight are equal,: and therefore the forces. 

of the power are neither increaſt nor r decreaſt, which! was tO: 
be demonſtrated. TOM LIT DE ETTE (> WG RIS 


PROPOS. VI. 
A Theoren. 


z A- Weight bag to a: WR * 5h Pally Uts be part: a7 
' I. > 


Fi. LM Ter the Pully- be: A,” and. its: Snatch. Black icwrablls, 7 

4 at rd a Weithr buns co it, andthe power in; D'; vi 
fay, the weight” will be Ieffenedan half part;-fuppole the POoW=- 
ertobelo. moved, thar the Pully A afcend to. E.. The. 


We, 
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The Demonſtration. That the Pully A be placed in E, the 
power onghtTrobe moved-as much: as the-length-of-the Chords 


CF, G D, for from the point C to D, is the ſame diſtance as 


between F and G; bur C F,'G D taken together, are double 


the ſpace A E, to which the motion of rhe weight B is equal 
.as appears, therefore the,moetian'of rhe power is double the 


motion of the weight ; but ( by the firſt principle of Mecha- 
nicks ) as often-as the -motion of the:power 4s double the mo- 
tion of the weight, the whole force' of the power is doubled ; 
therefore in our caſe the force of the power is doubled in or- 


der to ſuch weight, or which is the ſame, the weight is di- 


miniſht an half part, which was.to: be demonſtrated. 7, » 

-*Bur-f inſtead of the /Hpgdk:C, there be :added one power 
which 'thall be: equally» moyed: with; the poweri[Dyp we ſhall 
find - by -tryal only .an:thalf parr:of -che weight, ;ii-theifame 
manner as if they' bore: rwo weights equally diitane, hung to a. 


Beam: or Leaver. < 
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A Power :applied -to a, moveable Pully, diminiſhes an 
half part, wm reſpet# of a Weight hung .on:one end of 
_.a Fope.. 
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Fig. 74.F F in ſtead of the weight B being hung, a power be 
applied td the ſame Puily, and the weight hung to 
the Rope D, 1 ſay, the force of the Power is diminiſht an half 
part. 4 87 I Po RY 
The Demonſtration, As I ſhewed before, the motion of the 
weight. will, be:double che motioni.of the power, and ithere-. 
fore ( by the firſt principle of Mechanicks) the forces of the 
power are leftned, and the forces of the weight increaſed ; 
which may likewiſe he {aid of rwo weights, to wit, as when . 
the-weight B of 109, pounds is made in equslibyioin the point D, 
or which way ſoever.the Rope G D ſhall require 50 pounds. 
: | Corol- 
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Sy _ "Corollary. ZN 
Hence it follows,that an immovable Pulley is a Leaver of the 
firſt kind, : of equal Armes, and a movable one is a Leaver of 
the ſecond kind, or in like manner of the third kind, of equal 
Armes. 


£ PROPOS. VIII 
A Taheorem. 


If to move he Wheels of aA Dal, or C lock, for 1 2 Hours, 
| there be required a weight of 50 pounds, and the 
|  werght deſcend 20 feet, cping the ſame deſcent, 
aweieht that ſhall move the Clock, 24 Hours will rc- 
quire to be 100 pounds, | 


TY propoſition which may eaſily be deduced by the Cero!- 
lary of the precedent propoſition, becauſe of the com- 
-monnelſs of its uſe, may be propoſed in'this manner ; ſuppoſe a 
common. Clock that requires a weight of 50 pounds to keep 1t 
in motion, and ſuppoſe the place where the weight deſcends to 
be 20 foot only, and this deſcent ferves for 12 hours; and we 
would, keeping the ſame deſcent, have a weight to ſerve tor 
24 hours, I deſire the magnitude of the weight; I ſay, the 
weight required muſt be'xo0 pounds. EE 
The Demon. Suppole the motion of the Clock and its refiſtance, 
ro be after the manner of the motion of the other weight, 'tis 
certain by the ſuppoſition thart the reſiſtance of the Clock for 12 
hours, is lefs than of a weight of 50 pounds being movable 
20 feet ; but the motion of the Clock for 24 hours is doubie of 
that which is made in 12 hours, and .in like manner a weighr 
of 100 pounds as movable 2o feer, is double of a weight of 
50 pounds that moves the ſame ſpace, therefore the motion of 
the Clock for 24. hours: will be jeſs than a weight of 100 pounds 
moving 20 feet, and will be exceeded by the ſame exceſs. 


And. 


CLAS. ICE ro tr et F243 
' " 


OR ES fy 
© 
——— —— 
. þ 
P— OED A. ® — 


90 


et — 
a - = ” 2 G4 

. ons "wy" aut wit. 4 , — a 4.2 
_ A_ DON ES 
jp 34 Os - 

, - : 6 te” * rl 4 hte Die tt , 

E 
- 


Mechanick Powers. Book IV. 
And the way to fir that weight is caſte, for if it be required 
preciſely to move in a time double to that wherein ir did 
move, it may be done with no charge by help of a Pulley, in 
that manner as is ſhewn in the 7th. Propoſition, viz. If the 
Rope be faſtned firmly ar one end, and. the other end join: 
cloſe to the Cylinder of the Clock. CD 
But if another leſs proportion be required, to wit, as 2 to 3, 
Or as 3 tO 4, the Diameter of the Cylinder on which the Rope 
goes about in the Clock muſt be leſſened, according ro the 
proportion given reCiprocally, that is, if for example it be re- 
quired, that the weight of the Clock ſhould move 18 hours, 
when before it moved only 12 hours, the Cylinder muſt be 
leflened according to + part of its Diameter; bur if there be 
required a quadruple proportion, two movable Pulleys muſt 
be made uſe of. Laſtly, If a proportion much greater. be re- 


quired, add one Wheel to the Clock. 


_ —_ —_—— — PR _ TY i. 
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PROPOS. a. - 
A Theorem. 


In Diſpaſto, or two Pulleys, if the cord of a movable 
Pulley be only turned about the Wheel, and is not 
faſtned to. its Snatch-block, or weight, but to the 
emmovyable point, the power will be only doubled, 
which draws by the other end. 


Bio. 74 Ecauſe there are many ways which Ropes may 
4 B be put about Pulleys, OE a = 
ral augmentations of a power ; I will undertake to explain 
this in the firſt place, to wit, if one end of the Rope ADCE be 
faſtned in the unmovable point A, or to any other point, as. 
the point B, and be turn'd about the Pulley D, then about the 
Pulley C, and be drawn by theend E ; I fay, the force of the. 
power placed in E, with reſpe& to the weight hanging at D, 
1s doubled. IRE 
The Demonſtration. The point E 1s equally moyed with the 
| | point 


Book-I'V. Mechamck Powers. ik 
point F (by the: firſt of this) bur the point F is moved with a 
counp velocity to the weight hung in D, (by the 7) therefore 
the point Eis moved doubly {wifter than the weight D; bur 
E is the place of the power , therefore the power is moved 
doubly \{wifter than the weight, and (by the firſt principle of 
Mechanicks) rhe force of the power E is doubled : Which 
was to be ſhewn. _ 

| Secondly, Let. the end E be firmly fixt, or unmovable in the 
point E, and. draw the Rope upward from the power placed 
inthe point A ; I ſay, in like manner the force of the power 
is doubled, and the Pulley C is uſeleſs. | 

The- Demonſtration. When the Segment of the Rope EC F 

in this caſe is immovable, it will be the ſame as if the Rope 
were faſtned' in the point F, and one Pulley uſed only, bur 
(by the 6th: of this) one Pulley placed in this manner, doubles 
the force of the power, therefore alſo in this caſe, the forces 

ofthe power are doubled : Which was to be ſhewn. 


. Corollary. 


Hence it follows, that it the power be D, and the weight in 
E, the end of the Rope txt in the point A; I ſay, that in 
this caſe, when the motion of the weight is doubled, .the 
force of the power is leſſened. 
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PROPOS X&A. 
A Theoreryg. | 


1» Piſpaſto, or two Pulleys, if the end of the Rope 
be faſtened to the movable Snatch-block,, and the 
rope be turned about the [ame wheel, the power will 


tripled, or threefold. 


Fig. 75. L i the end of the rope be faſtened in the point I 
| of the movable Snatch-block, then turn it about 

the wheel-of the immovable Snatch-block B; and again, turn 
MY it 


92: Mechanick Powers. _ __ BooklIV.. 
ir about the wheel' of the movable . Snatch-block TI, and let: 
the power be in the point C, drawing, the rope upwards. I 


ay, the force of the. power is, tripled. 


-* 


The Demwſtration. Suppoſe the: pawer C ſo to be moved; 
that the Palley I, touch the Palley B ; In this caſe there is left 
only ſo much of the rope as is required to compaſs both the: 
wheels, to wit, as much as the portion FBE, and G HI, 
and the motion of the drawing power from: C is equal to the 
reſt of the rope, or to.the parts AE, F G, HC; but thoſe- 
parts taken together, are triple the motion of the weizht, to. 
wit, the line I E, therefore the motion of the power is triple 
the motion of the weight, therefore the forces.of the power: 
are tripled : Which was to.be ſhewn.. 
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PROPOS Xt 
A Theorem. 
Iz Tripaſto, or three Pulleys. If two Pulleys are- 


mmmovable , and: one only movable, the power is 


tripled. 


Fig. 76. By there be three Pulleys, wherein two of them 
A and. B are immovable; or immovable in the- 
Snatch-blocks, and” let the rope be faſtned in the point C :;; 
then turn the rope about each wheel; as you ſee in the figure, 
and let the weight be D; andthe power in E: I fay, the: 
power 1s tripled. 
The Demonſtration. The point E:is-not more moved than: the 
point F, and therefore the Pulley B is only uſed for convenien- 
_ Cy ſake. Burt the point F (by the roth of this) is moved triply, 
or-threefold ſwifcer thanthe weight D, therefore in this diſpo- 
ſition the power 1s triplicated ; which was to be ſhewn. | 
Bur the end of the rope C could not be faſtned to the up-. 


per Snatch-block, otherwiſe one of the upper Pulleys would. 
have been uſeleſs, 


P-ROPOS. 
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PROPOS. XII. 
A Theorem: 


In Triſpaſto, or three Pulle 's, two of” them being 
movable in the ſnatch bloc Ny quadruphlcates the. 
power. 


Fg. 77. T* there be three Pulleys, wherein the two lower 
ones A B are moveable; I ſay, the Power in C 
in this caſe is Quadruplicated. 

The Demonſtration. Underſtand the-power C to be ſo moved 
in drawing. the Rope, that the. Snatch-block . A B, touch the 
Snatch block E, there remains about the. Pulleys a Segment: 
of the Rope equal to the Segments DEF, I BK, GAH; 
the reſt are drawn by the Power, and meaſure the. Motion of 
the Power : But the Segments D I, LG, F H, CK are qua-- 
druple the ſpace LG, Therefore the Motion of the Power. 
i3 quadruple ; which was to be ſhewn. | 
; Notwithſtanding, becauſe. this kind of drawing upwards i is 
| inconvenient ; a Pulley ſhould be added in the Upper Snatch-. 

4 block, and then its force will be quadrupled, for the Pulley. 
i$ only added for conveniency, 


PROPOS. 
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PROPOS. XIlL 
A Theorem. 


the Lower Snatch-block be moveable, and the Power 
| draw upwards, the Power 2s ſo many times multt- 


plied as are the arawing of the Chords. 


Fig.. 77. } ET the Snatch-block A B be movable, and the 
=». t& Ppwet QC draw npwards ; or that the Propofi- 
rion may be more Univerſal, ler it draw againft the immove- 
able Snatch-block, then the Power is multiplied ſo many times, 
as there are drawings of the Chords, becauſe then either the 
end of the Chord being faſtned, is in the upper place, and be= 
ing drawn, the pairs will be doubly more than the lower 
Pulleys; but the lower Pulleys double the Power, and by the 
demonſtratipn, if, there be one below, there is no need of the 
Ypper One, as 18"ſhewn'in Prop. 6. and the force is doubled ac- 
cording to the proportion of drawing. If there be two below, 
and: One above, 'tis ſhewn in the precedent Propoſition, that 
the power is quadruplicated ; and ſo of thereſt. 
71; 
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PROPOS HY. 
A Theorem. 


Tf the lower Snatch-block be movable, and the power 
draw downwards, the force of the power 1s ſo ma- 
ny 'bumes multiplied, as there are drawing of the 


chords, one leſs. 


Fig. 75. TL ſhewn that the force of the power inF - 
A is the ſame as in E, but if the power be in F, 
and 


+46 
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and its force multiplied. according to the number of drawings, 
ro wit, triplicated, and in E there be added one drawing-of 
the Chord ; this drawing of the Chord, which is added, in- 
creaſes not the force, therefore ought not to be computed. 
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PROPOS. NV. 


——— —_—_— 


It the lower Snatch-block be movable, and the rope be 
faſtned to the movable Snatch-block , any lower 
Pulley doubles the power ,, and renders one upper. 
power only equal to the weight. 


Er there be any number:of Pulleys in which the Snatch-block- 
of the. lower is movable, to which faſten rhe end of rke. 
Rope; Ifay, If there be one upper Pulley, the power isequal to the- 
weight ; if one be added below the force of the power is. 
doubled,and ſo the power will be triplicated,bur the reſt of the: 
upper ones add nothing, that is, if there be two upper ones, 
the power will remain tripple of it ſelf ; if another be added: 
below, it will be quintuple, and ſo on, which are all demon- 
ſtrated, particularly in the foregoing Propofitions. 
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the lower Snatch-blcck be movable, and the rope 
faſined to the upper, as many Pulleys as are below, 
ſo many times the power 15 doubled, the upper ones. 
ſerve only for conventency. 


N any number of Pulleysin which the Rope is faſtnedito an: 


immovable Snatch-block, the power is ſo many times dou- 
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bled, as there is lower Pulleys, or in a movable Snatch-block : 
Thar is, if only one be in the movable Snatch-block, the 

force of the-power is doubled ; if two, *cis quadrupled ; if 
three, *ris equal to fix powers, and ſo on, fo that no propor- 
tion ought to be had of the upper Pulleys, or of their being 
in an immovable Snatch-block. ._ Wh 

The Demonſtration. *Tis ſhewn in Prop. VI. that "tis ſo in 

one Pulley. In Prop. IX. "tis ſhewn to be ſo in two Pulleys, 
to wit, that the power in both caſes is doubled. In Prop. XII. 
4n three, or more Pulleys 'tis the fame ; the like proportion may 
be demonſtrated in others. : 

Whatſoever is ſhewa concerning the railing of weight up- 
wards, is to be underſtood of any other motion, whether 
Horizontal, or any other, to which weights refiſts; alſo of any 
reſiſtance that we undertake, to overc2me by Palleys. 

Alſo as we compare the power with the weight, we may 
in like manner compare two weights between themſelves ; 

likewiſe if you place- the power 1n the place of the weight, 
and .in-like manner, it the weight obtain the place of the 
power, the weight will be increaſt wirh reſpec ro the power, 
.or- the power diminiſhe, which words are all of one {tgnifkca- 
tion ; and .the moving power may obtain the place or the 
weight, as often as the forces are abounding ; bur a moſt {wir 
motion is produced in a weight, which ftmply from a power 
cannot be produced without an Engin, becauſe the power 
cannot move it felf with ſo much velocity ; which principle is 
tobe underſtood in all Engins. - 


SFROPOS. XAVIL 


4 diſpoſe Pulleys jo that according to the number of the 
Pulleys, the power may always be mcreaſed continu- 
ally in double proportion. 


Fig. 70. { hg increaſe of power by Pulleys hitherto treated 
LL on, ſeems to proceed only according to Arith- 
; | mztice] 
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meticl-proportion; ſo'we ſhew in the'precedent- propofitior 
that according tothe number of Phlleys placed in the move- 
able Snatch-block, the force of the power is doubled; how we 


will-inftitute another difpoſition, wherein if there be only one 


Pulley;. the force of the power will be dotbled, if two;-qua- 
drupled,. if three, it will be o&uple; if four, the power' will 
be equivalent to fixteen, and-fo'of the reſt. OO 

Suppoſe a weight to be raiſed being faftned to a moveable 
Pully B,. and-let- one end of- the Rope be fixer irthe poimt'G, 
and the other end of the ſame Rope reach to. the Snatch- 
block C, in like rfariher? ler another: Rope: F'G D be firmly 


fixtin F, and the other end fixt to the Snatch-block D ; ler 


there be a third Rope E DH, one end of which faſten well 
in the point E, and let the power be in H ; I fay, the power 
in H of it ſelf being equlll to the weight, Heintz fo diſpoſed, 
is octugle of the-weight. oY 
The Demonſtration. *Tis ſhewn. (at Prop: VI. of this) that 
the power in H is moved with a double velociry-of the Snatch- 
block D, and the Snatch-block D doubly ſwifter than C; 
and C doubly {wifter, or as ſwift again as B, therefore H is 
moved eight rimes ſwifter than the weight, and (by the firſt 
principle of Mechanicks} wil-have- eight” rimesgreatet” force 
in reſpect of the weight ; therefore 'tis ſufficient that the 
power be ſuboCtuple of the weighrto® be in” equbI3brio- with: 
the weight, ns TE um gens Re 
Or it may 'be demonſtrated by any Leaver, for a Pulley 
diſpoſed in this manner, is a Leaver of the ſecond*Kind,; in 
which the weight is preciſely m'the 'middle/berweEn thepows- 


er and the prop, or Centre: 


on, 
4 


PROPOS; XVII 
A Thiebfefii 


By Pulleys any wereht maybe miyed by. any. power. 
Pt If-thepoweribe'never ſo line greirtr taithe weight] 
KL irimay be-moved "by ay» Pulley" tliar\only helps the-ap- 
plication,:,but-if: it -be-equal; 'and the Pnlley'difpokd after-che* 
| = | ſecond 
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econd manner, the weight will be more eaſily moved; but 
if the power be leſs, as if it be-ro the weight as one 'to eight ;. 
eight Pulleys diſpoſed. in. this ſecond: manner, or eight Pulleys 
If oſed in two Snatch-blocks, will eafily overcome the whole 
reſiſtance of the weight ; to-wit, if there be a greater pro- 
portion of the mation of the power to the motion of the-weight, 
than of the weight to.the power. 


+ 
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A Screw is a Cylinder wrought in one -or more ſol 
= or Helices ſwelling out, as appears mm. the 
fUre. | 


Fig. 79. FN ND the uſe of tis common, for *tis put into. 
another concave cylinder, cut in hke-manner in- 

to Concave Spires, {ſo that the convex Spires or 
Helices of the former Cylinder, fir to the concaves which are 
put upon them. The concave Cylinder ſometimes is fixt and im-- 
moveable, and inhis caſe, the Screw beſides its circular motion, 
hath alſo a right motion, whereby the whole Cylinder goes. 
forth. Sometimes the Screw. is immovable, and the concave Cy- 
hnder 15 only moved, andcommonly a ſimple Cylinderis added 
to the Screw, into which a handle is grafted. or fixt; as ind B 
the handle B.C is.adjoyn'd, that it may be movedround more 
ealily ; hicherto. Authors have recalled the Screw to the 
Wedge, and. the Wedge to the Leaver, or to the motion of 
a weight on. an. inclined plane, as if you.underſtand,' D. E to: 
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be the weight, and it be moved round in the Orb, fo thar it 
aſcend according to the Spire of the;Screw, inclined to the 
Horizon, or if the Wood DE be immovable, the Screw ir 
ſelf being rturn'd about, which is confider'd by the manner 
of a weight, its aſcent will be by the inclined plane of the 
Spires of the concave Cylinder F G; bur theſe conſiderations 
are ſuperfluous and unprofitable, when more immediately the 
; force of. the Screw may be meaſured fromthe firſt principle 
: of Machines, than by ſuch redution. Oe 


——_——_——_—— — LE En | 
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| _ PROPOS. I. 
A Theorem.  - + 
To explane, and meaſure, the force of the Screw, 


| Fig. 7 9: , B 


Et the Screw be AB, furniſhr with its handle BC, 
for alſo in lefler: Screws of Iron which are made 


PT % & B. 


tOonTPp | 4g % {Le . 

The Demonſtration. *Tis then in Equilibrio, When'the* m6- 
tion of the power is to the motion of the . weight, as the 
weight it ſelf is ro the power, but in our cafe the motion of 
the power is centuple the motion of the weight, and the 
weight an hundred fold of the power it ſelf, therefore: *ris in 
Equilibrio, whence if the power be a little greater or. more 
than one pound it will overcome the refiſtance of, the weight. 
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_ © © Corollary. 


Tf the power be applied to the wood D E, fo that it move 
downward.by a right line, and not circular, notwithſtanding 
ir will compel the Screw to movecircularly, and let the weight 
be in C, the power requires to be centuple of the wejght to 


move it. | But: if the wood DE'be moved circularly, ' and the 


weight afcend upwards in a right line with the Screw ; as if 
you feign the weight to be B; the whole circle deſcribed by 
the wood would be compared with the circumference of rhe 
line N O, which meaſyres the aſcent of the weight in each 
Circulation. En EO. 


PROPOS, I 
A Theorem 
The divers uſes of ſmgle Screws. 


Fig. 80. FT'HE ufe of fingle Screws are various, and for the 

oy | A moſt part they are uſed ro train, as appears in 
the 79th Figuxe, in which the Screw AB is faſtned in the 
hole B, alſo. tis furniſhe with jrs Spies bur the hok C is fingle,, 
and conſiſts of no Spires : While the head of the Cylinder ar- 


- 


riyes in, C, and the Screw is turned about, the woods B D,. 


CF, will come; or meet together, and the force of the power 
will be increas'd according to the proportion of the: circle de- 


ſcribed by the end, of the handle A E, to. the interval of the 


P wi *, * . $ 


$pires, or Helices, 


* And the ſame effet fohows whether the wood B B: be made- 


The ſecond. kind is, 
and: the wood tq,whic 
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weight, or that which' reſiſls the-preſſing;” be Ir 'the pointy 


C A will be a Leaver* ofithe {ccond-kind. ' ©! oC oft. 


And that you'may meaſure the'fotce'of thisE Engin, ſuppoſe: 
it a Wine-preſs, and ket the beam'C A be equal:toa weight of” 
200 pounds, that i, 'if it Hes -on a parcel.of Grapes, it Will 
make the fame compreſſion as 200 pound weight will make; 
and let rhe Screw be fo'mide, that-each ſpire Giftant/from 


one another one inch, and-the handle B'E 7 Feet, *{6 thar 4ts. 


whole circumvolution will be-22 feet, or dba; inches, and'let: 
the force of the man tht preſſes, be equal to-ro0. pourids ; 'L 
fay, the man alone hath ſo much force to preſs-the Grapes,. 
as "hah the weight of 52808 pounds ; the reaſon is clear, for 
while the man runs over 22 feet, of "264 inches, the-beam A 


deſcends only one inch, and the -weight” D;- which is in the. 


middle. of the Leaver AC, is Only moved half af inch, there« 
fore the force 'of the power is increaſed, according ro the. 
proportion of 264.10 4, or of 528 ro 1 ; bur the power 1s 100,, 
therefore the force of rhe man, ufing this preſs, will be oqu- 
valent to 52800 pounds ; which was to be fhewn.. - 

Fig. 82 The third mannee will be, if you cake ufe of :> 


| Screws, which are moved together, or ſucceſlively after each: 


orher, and one in reſpe& of Yorher, hart the proportion of a: 
Prop, or Hypomoction ; as-if the Sctew & be moved, the: 
Screw B not being moved, the point B will be the Prop, with 
relpe&t to the Leaver A B, which belongs ro the fecond kind. 
of Leaver., 

Fig. 83, To.this kind of power are -ocalicd the Vices. which 
Iron-ſmiths ufe, likewiſe the Preffes which Printers ufe, and 
many other Inſtruments, whoſe forces we may meafure'by the 
flame MAIN _ 


4c 4 I rr rr nn nn Wnmnmnmntns cnn mnt hte dns 
A Theorem. : 


Of Compuunded Screws... - 


Fig. 8. I call that a compounded. crew, whoſe conven: oY 
linder is not ingrafted; or ficted;- inte its corre-- 
 ſpondens. 


102 Mechamick : Powers. Book V. 
{pondent cqncave,; but, is-mixt,with;other powers. And. firſk, 
if the Helices of the Screw be fitted ito a, toothed wheel, *cis 
call'd an infinite. :Screw, ,or moving in ifnitum, the forces of 
this power are wonderful, for ſuppoſe a wheel to confiſt of 506 
teeth, alſo ;.let, the Axis, be A, about which the rope goes 
round ;;agd let the handle B C, be.to the Semidiameter of 
the Axis;\ 9s 4it9; 1; and let the power of the man be equal re 
x00 pounds 3- Lay, ; the, man being furniſht with ſach an Engin, 
is!n, Equilibrie.:with a weight of . 20000 pounds, and the-man 
wwillibe equivalent to 200 men.:: I 
The Demonſtration. The handle B C ought to make-50 cir- 
-cumvolutrions, while the wheel only performs one, becauſe 
that eyery-circumyolution. of the Screw-impels only one tooth: 
Therefore: while che:;:handle B C is turn'd round. 50 - times, 
the Tympane A's paly, once'turn'd about ; but the circulation 
of: the handle is, to the circalarion of the Tympane, as 4 to r, 
therefore the.motion of the-power applied in C, is to the mo- 
tion. of the weight,: as 200:to 1, therefore by reciprocation, - 
the power as,of,,z pound will. be in Equilibrio with a weight 
of :209:poung, gr. as:10940 2e000;. which: was to be. demon- 
Srated- i): fo pie uuhe tlio TT IT TC 
«; But if. inſtead of: the Tympane A, you uſe another Screw, 
10: whoſe wheel: the ſame number of teeth ſhall anſwer, one 
man will be equivalent to 10000 men. If you make uſe of 
three Screws in .the ſame manner and order, with wheels ar- 
ſwering to them, one man. will be equivalent to. 100000 
mr NY 061 bh e903 ind bo 2054 0-6. 63 | 
_ ,... Nevertheleſs, iſcarce;;any-Engins are ever made fo ſtrong, 
byt in-pratice they become unuſeful, becauſe, thar either . the 
ropes break, or that which they are faſtned to, is -not able ro 
{uſtain, or the teeth, or other parts break, the weight being ſo 
EXTCVAQrdIAALY...-. - - 


This Engin is moſt uſeful, as often as the motion is to be 


diminiſht, as when, for example, we haye a wheel in a Clock, 
which is turn'd round once inevery hour, if you defire a mo- 
tion 12 times flower, the Axis of this' firſt wheel, muit have a 
Screw, to whoſe ſpire the teeth of the other wheel, muſt be 
ingrafted, which muſt have 12 teeth, and, {o you will have a 
motion 12 times ſlower; fo if in a Clock you havea Wheel, 
or Axis, which is turn'd about,twice in a day, which is fur- 
nidhc with a Screw,,;and anſwers to a wheel,. having 59 es 
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this ſecond wheel will be once turn'd about in 29 days and 
z, which is the period. or circuit, of the Moony and ſo of the 
reſt. He that defires more concerning, 'the Screw may. conſult. 
Ubaldus. | 

I ſpeak not here concerning. a corcave Screw, Which is one- 
among Hydravlic Engins; and which properly belongs to an 
inclined plane ; the benefit gf..a,Scrgw, are tþeſg. The firſt ad-- 
vantage 1s, that the njotion of the weightis mÞ$re diminiſhe by 
one ſpiral line, 'than by *.many toothed whees. Secondly; 
without any ſtay, although the power be relinquiſht, the 
weight. ſcarcely. falls.back again, and therefore muſt remain 
where It 15. | 

The more Helices, there are. in. a Screw, and the more ob- 
lique, and the longer that the lpndle is, theeafier the weight: 
is moved; and- in a concave Cylinder,” (or the” mother? the 
more Helices there are, the leſs the Screw ſuffers, for when: 
there are many Helices, the weight: is diſtributed in- them, . 
which would-preſs, or- lye on one only. | | 

Fig. 85. To this Engin'we may. refer a-certain invention ob: - 
vious enough, which we do not uſe to increafe the force of 
nower in order. to' motion; bit only... to faſtain a weight ; For : 
if about any Cylinder there be made-a hollow 'ſprre about 
which a rope is-turn'd, if you hold the rope bur {lightly, or 
preſs it again the Cylinder, the weight, although it be great; 
will be ſtayed by the Ropes, being adjoin'd ro the Cylinder: . 
Theſe Channellings, or Hollowings,. are uſeful if- any one be. 
minded to deſcend. from a high :Tower without danger, and. 


4 e 


that ſwiftly, or ſlowly, according,to pleaſure. '*; - 

Awgers, Wimbles, and Piercers, are referred to the Screw, . 
which enter-the eaſter, by beifg” made ſharp in the nature of. 
a SCrew, as experience teaches, in great Awgers, with which: 
Pipes are boarcd to eenvey Water trom Fountains, becaule its. 
apex repreſents the figure of a Screw, which of its own accord: 
enters the Wood {fo that there is bur little need of Force. . 
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Se... 


Aro Lthongh the Wedge be. a ſimple Inſtrument, and there- 

fore of ſome, is, *ſearcely: aſcribed .to the number. of 
Engins, neverBiglls i It 15 of luch Force, that defervedly it finds 
a place here. .. 

The, Wedee 1 i$4 rrigngular Prifne, whoſe rwWo reQangles, 
end-in a comman. right line: 

. And thar;ig may, be; uſefyl; it ought * be made of ſolid 
matcer, as of; Irqn,; or Wood, and ſuch like. 

Its.uſe is. in the cleaving of Wood, parting of Stones, .and 
dividivgathes bpdigs- thar,may:be cleft; or cloven;; a {lit being 
made.in thy body , the: odge of: the Wedge i is. thruſt + in, and 
and a $ RTOOS henrunn {eing vArA forces 1 in the Wedge. 
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Fig. 86. Tye reaſons are alledg'd for the force of the 
Wedge, and firſt from Ariſtotle ; in Queſtion 17, 

the. Wedge is coca to a double Leaver of the firtt kind, in 
this Manner, to wit, let ne Wedge be A BC,  driſtotle under- 


ſtands 


a> <7” 


4 = % LI Wy, 2 . 
, | 
"% 
—_- . 
Book \ LE | 


ſtands the line A B, as a Leaver of the firſt kind, whoſe prop 


3s D, the power in A, and the weight in B, to wit, in the 
end, or cuſp of the Wedge : In like manner ler B C be ano- 
ther Leaver, whoſe prop 1s-in E, the power in C, the weight | 


In B. obey | 

Notwithſtanding, this explication is alrogether contrary ro 
the proportion of the Leaver ; for by how much greater the 
diſtance is of the power. from the prop, the greater is rhe 
force of the power, in other like caſes; but in this caſe ir is not 
ſo, for if the Wedge be made ſhorter, and the power be in 
K L, and not in A, nevertheleſs the force of the Wedge will 
be the ſame: I ſay, the ſame of the leaver CB. 

' The fecond is falſe; that the Wedge touches the Body to be 
divided with its point, or edge, becauſe, that for the molt 
part the extreams D and E only touch ; nether when we mea- 
ſure the force: of the Wedge, do we: regard the proportion 


which is found: between A D and D B, but how much the 


ſharper the Wedge is, or the lefſer angle it contains, -the eaſier 
it divides. | "m : 

Whence Ubaldus in his Mechanicks imagines, that if the 
Wedge be recalled to a Leaver, 'tis to be. explicated by a 
double Leaver of the ſecond kind, whoſe common prop is in 
the edge, or point B, the power in A and C, but the ſame 
* inſtances occur as before ; I add moreover, thar a Wedge may 
want a point, and nevertheleſs be as apt to divide as it was 
before; 1ſo that the inclination of the planes remains the 
ſame, touching in the points in which the body is tobe cleft. 

Fig. 87. Wherefore others recal the Wedge to an inclined 
plane, avif the body to be lifted up be A, under which the 
Wedge B is laid, that body being moved upon an inclined 
plane, for 'tis all one, whether the body be drawn upon the 
plane, or the plane move under it, for to aſcend 'tis thought 
the ſame ; therefore there are in the Wedge two inclined 
planes. This conſideration is not abſurd, nevertheleſs, I con- 
_ rend thatthe whole difficulty remains, to wit, that the whole 
doQrine of inclined planes is alike hard, labouring under the 
ſame principle, wherefore | PP RY 

Iſay, The reaſon why the forces of the power are increaſed 
by the Wedge, is, becauſe the power - is moved much, and 
the weight bur little, or the greater motion of the power is 
compared with the leſſer motion of the weight, and arejoyn'd 
. together, = Which 
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Which I ſhall ſhew, as in the Fig. 86. let the Wedge ABC. 
be very ſharp, which by one or more percuſſions.runs into the: 
wood, the ſpace BF, in the mean while that the parts of the 
| wood. are ſeparated from one another according to the 
ſpace D E; if the Wedge contain an angle leſs than. 
60 degrees, B F will be greater than D E, and the power is 
moved according to the line B F, . and the weight according. 
to the line D E, wherefore ſecluding. percuſſion which way | 
foever, if the power ſimply impel- the Wedge, its forces are 
- increafed, according to the proportion of the line B F to the 
line D E. 
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PROPOS. Il 


| The ſharper the Wedges are, the greater force they 
add to the power. 


6 there be any 2 Wedges, whereof one is more acutethan 

A the other ; I ſay, that which is moſt acute, conaters the 
greater force to the power ; for by how much the motion of 
the power, is greater than the motion. of the weight, it hath 
greater force in reſpect to that weight. Bur a more ſharp. 
ade - is ſuch, that it requires a greater mc tion of the power 
in reſpect to the motion of the weight, for in rwo triangles, 
having an equal baſe, that which hath the angle oppciite ro 
the baſe moſt acute, will have the longeſt fide : But in the 
Wedge, the baſe meaſures the motion of the weight, ard the 
{ide the motion of the power, therefore Wedges moſt acute are 
moſt powerful. 


© Corollary. 


A Wedge whoſe angle is greater than an angle of 6o de- 
grees, rather decreaſes than 1r.creaſes the force of a power. = 


PROPOS. 
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PROPOS. III 
A Theorem. 
Dzvers kinds of Weapges. 


Lmoſt all Inſtruments which Artificers uſe to divide, or 

cut with, are reca}l'd to the Wedge, as all fort of edge 
tools, Swords, Pen-knives, Nails, Axes, Hatchets, are Wedges, 
for neither is it efſential to a Wedge, that the percytlion of ano- 
ther body be forced between the body to be divided, for it 
may either be ſimply impell'd, or from a force conccived 
from the leading motion to divide it ; Awgers, and Piercers 
contain a Wedge. 
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Of Percuſſion, or Smiteing. 
PROPOS. IV. 
A Theorem. 
Experiences of Percuſſion. - 


Being in company, ſome years ago, with my Ingenious 
| friends Mr, Bazkes, the King's Matter Carpenter, and Mr. 
Morris Emmet, the King's Maſter Bricklayer, ſince deceaſed, 
among other things that paſs'd in our. diſcourſe, Mr. Bakes 
was pleaſed to ſay, that he thought there could: be no reaſon 
given of the force of Percuſſion, nor no comparing the pro- 
portion of weight preſſing a Nail, or ſuch like thing, entred 
4n a board, or Timber, to a blow ſmitten on the ſame thing. 
Indeed the ſaying was very difficult and abſtruſe, yet I remem- 
ber I cold him, that the learned and' Reverend Dr. Wallis, and 
= VS — . Caſſatus, 
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Caſſatus had writ ſomething concerning it, and alfo the learn- 
ed Dechales, wholeprinciplesI deſign to follow.. Ea 
Ariftotles 19th Queſtion touches lightly on the force which. 
is produced from yercuſſion ; nevertheleſs, he explicates no-. 
thing further, and as I may ſay, only propoſes a difficulty, 
10.wit, that although a great weight be laid upon an Ax or- 
Wedge, yet it conduces little or nothing to cleaving, but that. 
a. blow ſmitten with great velocity, affe&ts much. Then he. 
ſeeks how much gravity this motion adds ; to the better un-- 
derſtanding whereof, in the firſt place, I ſhall refer to expe-- 
rzence. - 
_ The Firſt Experience then ſhall be, that that Percuſſion is. 
Yreateſt, whoſe motion is'{wifteſt, from whatſoever cauſe the. 
ame motion proceeds, whether it be circular, or right, *tis 
little different. From whence it comes to paſs, that a Ham- 
mer, or Mallet, furniſht with a longer handle, makes a ſftron- 
ger blow, becauſe that power can impreſs a ſwifter motion; 
for if ir be moved with equal velocity, whether it be furniſht: 
with a longer or ſhorter handle, the percuilion would be 
equal ; alſo thence I think may be concluded, thatlaſting mo. 
tion adds nothing to percuſſion, unlefs.there were a diſpoſition 
ro {wifter motion. And therefore, if the Hammer ſhould be- 
moved equally about ſome Center, it would. nor ſmite ſtron-. 
cer after a laſting motion than after ſome ſhort motion. Alſo. 
'ais Clear, that when ſomerhing is ſmote with a Staff, or a-. 
Sword, the ſtroke is ſtronger about the end, becauſe then the 
ſtaff is moved about the hand, as about a. centre, whence the- 
motion is ſtronger about the end, I fay abour the end, yer. 
'notin the end, by reaſon of another proportion. 
Secondly, A greater body although it be moved with equal ; 
velocity, with a leſler, produces. notwithſtanding a ſtronger 
blow ; for *tis certain, while two: bodies. of the ſame marter - 
and:divers magnitude fall from on. high, they deſcend almoſt . 
with equal velocity, ſo- that the difference is-.very ſmall, to-. 
wit, ſo much only as-is begat in the reſiſtance of. the. air pro- 
portionally in the lefler body to the greater, nevertheleſs, the . 
_ greater body impreſles. a ſtronger blow, which effe&t cannor-. 
be onlyartributed to the greater gravity ; for. let there be a 
ſtake ſtuck. in the- ground, and:kt two bodies deſcend: from an:: 
equal. height, one of. 100 pounds, the other of 200 pounds, 
. ris Certain thar. there. will be a ſtxonger impreſſion. = the.: 
econd: 
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fecond, which cannot be attributed only to the gravity ſimply 
taken, for if this ſecond body be put on the ſtake and gravitate 
en it, or ſhould fall on it from on high , the impreſſion from 
a body lefs heavy, would not be fo much : Therefore a heavy 
body falling, makes a greater ſtroke than a lighter body, and 
this impretion ought not to be attributed only to the greater 
gravity. 

The Third Experience, While a body is moved about ſame: 
centre for a continuance, 'tis eaſier ſtopt or ſtay'd if you lay 
hold of it by the erd, than by any other part nearer the 
Centre, which is to be underſtood if it be hinder'd bcfore the. 
motion, . or in the beginning 0? the motion, for if you wait. 
tillthe motion be engender'd, it will be otherwiſe. And the 
rea{2n of the firſt, is obtain'd from the proportion of the lea- 
ver ; the reafon of the ſecond ought to be, becauſe the mo-- 
tion is greater in the end, and conſequently a greater impetus - 
13 acquired. 

The Fourth Experience. The ſtrongeſt blow of a Sword is not 
about the point, nor- as ſome think about the Centre of gra- 
vity, bur between the point, and the centre of gravity ; yet itr 
general 'cis true, that a body that is moved, having the great- 
eſt. part of its weight. about the end, a ſtronger blow follows . 
than if it proceed from one continuance, Wherefore ſome make: 
alittle Channel within the Sword, andinclude Mercury there-- 
in, Which conveys the force of percuſſion to the point, and 
makes the ſtroke ftronger.. Perhaps, while a body is extended : 
in one order, *tis moved more -dificultly, and therefore its ve- 
locity is. not ſo great, and conſequently its ſtroke nor ſo 
ſtrong. on Ns 2I 

Fig. 83, The Fifth: Experience. While a body ſ{miteing. de- - 
icends, it Cauſes as great a ftroke, if only one part of-it.tall on . 
the ſubjeEted body, as if the whole body fell on it ; that is, 
if 2 equal bodies A and B, fall from the fame height, the firſt - 
whereof ſmites the ſtake. C only with ſome part. of it, but the 
other according toits whole loweſt{uperticie, yet an equal ſtroke 
follows, which I have found by experience, that 1 might: 
confute the opinion of ſome, eſteeming the Air ſqueez'd be-- 
tween the 2 bodies, to confer much to the blow, yea, they. 
will have all cutting or cleaving to be from air included with-.- 
in the Pores, bzing, violently imputted from the dividing body; 
for they will have air to be maſt ſharp, and conſequently moſt 
apt. to divide.. _ P.RO-. 
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PROPOS. V. 
A Theoreng. 
Divers meaſures of Percuſſn. 


Tip. 89. IS hard to meaſure percuſſion that:is made by a 
| A living power, fince it depends on force, and 
free and voluntary endeavour, and hath the proportion of the 
body moving, or ſmiteing, for although a greater Hammer ef- 
feRs a ſtronger blow in other things of the like nature, yer 
if it be not q {wiftly moved becauſe of its heavineſs, the per- 
cullion which follows is the weaker : Wherefore "tis conve- 
pn in the firſt place, ro reduce velocity to a certain mea- 
' tare. | 
Suppoſe then a Hammer A B, whoſe whole length is 6 feer, 
Which is moved by a man to ſmite. I fay, if it be moved e- 
qually with the ſame velocity which he hath in himſelf in the 
- Inſtant of percuſſion, and in the ſpace of one ſecond minute, 
ſhill make 4 circulations, that is 144 feet, (allowing the Pe- 
Tiphery to be but 3 times the Diameter) : If the ſame Ham- 
mer ſhould fall according to the equality of the force of gra- 
Vvity, and accelaration of heavy bodies, it would not arrive to 
accompliſh 144 feet in 5 ſecond minutes, and ir ſhould fall 
from an altitude of 425 feet. 5 
* From whence "tis concluded, that the altitude 425: feet is 
the meaſure of percuſſion made by the man, or the Hammer 
has ſo much velocity, while 'cis ſtrong}y ſmore,or impell'd, by 
*the man, as the hammer would have had, if it had failen lingly 
" fron an altitude of 425 fcer. mn] 
' I have been willing to examine the calculation made by 
 M:r{cnnus, but could never tind it anſwer experience, for we 
ofcen uſe a Pendulum of 3 feer, one {winging, or ſtroke whereo: 
is preciſely equal to one ſecond of a minute; and we have 
found in a Semiv'bration, or in the ſpace of 'half a ſecond, 
' Eirtle more than 4. feer, ro be-paſt over by a body falling, v/z. 
.about 4 feet and +; but according to the Proparrg = 
| | ervead 
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ſerved by Galileus, it ſhould be 17 feet in one ſecond, where- 
fore in the ſecond ſecond it will be 51 feet, inthe third ſe- 
cond it will fall 85, in the-fourth r19,' in the ' fifth 153, 
which being all added together, make ' 425, therefore the 
blow of the Hammer ſtruck . by the man, 1s equal to that 
which is made by the ſame. hammer falling 425 feet ; in this 
ſuppoſition the ſpace which is paſt over by heavy things, de- 
f{cending, is reckon'd to proceed according to the ſeries of odd 
numbers, OD Oe Wes at ae 

But whatfoever the compariſon be of thevIwperns, or force, 
produced from a man ſmireing;and the Impetus produced by a 
weight falling ; 'tis certain, that there is no Impetus produced” 
from a mar's{miceing, to which there cannot another be gl- 
Ven equal to it from a body falling : Burt hithertoo the whole 
dithculty remains, viz. how we may meaſure the acquired 
Impetus, from:a body falling from a determined height ; let 
therefore a hammer weigh 1 pound, driving a nail at one 
blow (or perciifiion) one inch, whoſe force is equal to that 
which it would have if ir fall from an altitude of 425 feet ; 
and let it be demanded what weight being only laid upon the 
| Nail, will force it in one inch, bur that weight muſt be ma- 
ved equal to the ſpace, to wir, it muſt alfo be moved one 
inch. MF ; = 

Many have been the opinions concerning this thing, for 
ſuppoſe a hammer of 1 pound, and 1 foot long, and let it be 
made after the manner of a Cylinder, ſome think, if there 
ſhould be a Cylinder made of the ſame thickneſs, viz. 1 foot; 
and 425 feer long, to wit, as much as is tte alritude of the 
fall, which isequal tothe percuſſion, and this Cylinder be pur 
upon the Nail, it will force the rail into the board one inch, 
nevertheleſs, I ſee not on what foundation : for ſuppoſing the 
hammer tobe half the length, . and to have the ſame gravity ;, 
according to this conſideration, it requires* a weight doubly 
greater, Which is abſurd, therefore - {ce this determination: 
depends on the thickneſs of the hammer, which in this cafe 
hath no place, for neither will wo h:mmers of divers figures, 
and the ſame gravicy, have divers ettects. 

Others will have it, that a hammer of 100 pounds defcend- 
ing with one degree of velocity, will havethe fame force as a 
hammer of x pound, deſcending with a velocity as 100, 


which I eaſily grant : Bur hicherto. I think nothing is effected, 
es net.her 
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neither ' is there had ſuch a meaſure as we require, to wir, 
ſome weight, to which percuſſion 1s equal, or a weight which 
is moved in the ſame manneras a nail, alchough ir drive it one 
inch. | 


Mr. Hobbs reduces all percuſſion to the firſt endeavour which 


-the weight hath, bur knows not whether the firſt endeavour 
given be indiviſible and determinate, and fo in this explication 
he wraps himſelf in queſtions of continual diviſion. 


PROPOS. VI. 
Themeaſure of Percuſſion. 


Gm a haininer of -x pound, and let it be of any figure, 


it matters not, which being ſtruck with the force of a 


'man, hath the ſame velocity, as if it had deſcended 4: 5 feer, 
-and drove a nail one inch, now 'tis demanded what weight 
this percuſſion is equal ro: And 'tis certain, char a weight of 
-one pound falling 425 feet, acquires a force to raiſe x pound 
425 feet, which I ſhew in any Pendulum, wherein the weight 
: aſcends almoſt the ſame as it deſcends. Therefore this per- 
cuſſion ſeems to be in equi/;brio with a weight of one pound, in 
*movingthrough 425 feet : Bur if you ask what weight being 
*moved one inch, will be in equilibrio with a weight _ of one 


» a & 


pound, moved 425 feer, multiply 425 by 12, it makes 5100 


-inches, ih 4.25 feet; I ſay, if a weight of 5100 pounds be placed 
'on the nail, the nail will be forced in one inch ; for one. 
.pound moved 5100 inches, is in equilibrio with 5100 pounds 


-moyed one -inch, wherefore the percuſſion of the man ſeems 
*to be .equal-ro 5100 pounds, which was to be ſhewn ; never- 


_ *theleſs, there 1s a doubting in this calculation, becauſe thar 


the velocity of the weight aſcending , always decreaſes, 
"wherefore rheſe things cannot be conſtituted, bur according to 
the dodtrine delivered of heavy bodies falling. 


PROPOS. 
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PROPOS. VI. 
A Theorem. 


The quaittity being grven of a ſtake, or nail, driven into 
any body by a determined weight, from a determmed 
height, to find a wetght which will perform the ſame 


from any other herght. 
Fig. 90. ru the weight A be 100 pounds falling from 1 © 
K. feet high, and driving the nail B one inch, a 
weight is required, which falling from 4o feet high, will per- 
form the ſame effe& ; I ſay, ir requires a weightof 5o pounds. 
The Demonſtration. The ſame effeCt is produced, if the quantity 
of motionbe the ſamein both cafes : But the quantity of motion 
is the ſame, for a heayy body falling from an altirude qua- 
druple, or fourfold, hath double velocity of that which it had : 
But roo pound movable with one degree of velocity, and. 50 
as movable by 2 degrees of velocity, have the ſame parts of 
motion : Therefore they ſeem to have the ſame effect ; ne- 
vertheleſs, there remains a difficulty which is begat from the 
retlexion of bodies, which belongs to the velocity of heavy 
things deſcending. ' 
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PROPOS. VII. 
To make atvers kjnds of compound Engins. 


_— + b & —o—_ A 


Eſides the ſingle kind of Engins before mentioned, to wit, 
the Ballance, the Leaver, the Wheel, the Pulley, the 


Wedge, the Screw, there may be made many other com- 
pound Engins, ſome of which- we will deſcribe, that ſo not 
only their great forces may appear, but alſo that any one may 

OE a ry perceive _ 
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perceive. a ready way of making Engins for AY occaſion, and 
accommodate them to their uſe.” prone 


Mechanick Powers. 
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Engin L. 


dn Engin, whereby a Wagoner may r 6b [TY Tam, | 
or Cart, although loaded ; alſo by it, the Roof of ans 
_ Houſe, yea, the whole C aſe of 5p Hoſes, "ay Fe 


raiſed, 


F Iron, or other ſolid. matter, make 3. wheels; 
4 &+ 2 leſſer A and C, and the other greater 
| : the Hittle- wheel. A hath five teeth, and: 
the little wheel c the ſame ; but the wheel: B hath 2o teeth. 
and ſo is fourfold greater, and-hath-one. common axis with the 
wheel C, alſo make of the ſame matter a firm Priſme D E 
w.ith: reeth, defend on every ſide all the caſe of wood with 
Iron, in which the-reeth- are included; the upper: part being. 
open, 10o-that the teeth of the wheel. A, ay hold: of the teeth 
of- the wheel: B, and: the teeth of he wheel. C, lay hold of: 
the teeth of the Priſme D:E: But the axis of. Fog Wheel- A. 
ſtands out without the ſide of the cafe, 'and'is rurn'd by the: 
handle G FH, and with the handle the little wheel A is turn'd,. 
which turns the wheel B and. C, and: tht teeth of the wheel | 
C, running into. the teethof the priſme DE, they move it.up- 
ward, until. the. laſt. rooth-near E, be in the tegion. of K::.3 

| wheel. 
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wheelC ; if now D on the top be made hollow, or E on the 
{ide--of the Caſe ſticking-.out, -be ÞUTC under the Waggon,. or 
other weight, and the wheels being turn'd the Priſme al- 
cends, and going forth of the Cafe, forces the weight up- 
wards ; and if the wheels are turned the contrary way, the 
weight deſcends likewile. 

If to this Engin you add a leaver, one end whereof being 
put under the hollowing D. or E, and the other end of the 
teaver lean, or ſtay on the Earth, and that part of the 
leaver, next the earth, be put under the Waggon, or other 
weight, and then turn the wheels, it will make a compound 
Engin much ſtronger, which you muſt note carefully, tor in- 
deed many Engins by addition of the like leaver are much 
helpr. ot, | | 
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Engin. Il. 


To raiſe a vaſt weight with an Engin compounded of a 
Pulley, Axis m Peritrochio , and a perpetual 
Screw. Cs 


T Ake the Cylinder CD, in the middle whereof 
x LYI make 4, or 5 Spires of a Screw, which while 
the-handle E-F with the Cylinder is; turn'd about, the-Spires 
infold themſelves with the teeth of - the wheel B, and turn is 
about: And while the wheel B is turn'd roun'd, the rope 
B G H, drawn about the Pulleys G and H, is wound abour its 
Axis : By this means, we may with great eaſe raiſe any great 
weight by the power F. I have cauſed the like Engin to be 
made, by whole means, I did move a Milſtone with fo little 
reſiſtance, that with a ſmall Silken Thred, faſtned ro the 
handle F, and pull'd by_the hand, I have turn'd about the 
Screw, and taken it up, being the weight of 200 pounds, 
and not broke the thread. And if inſtead of the handle E F 


Fig. 92. 


\ -. Fou fit a wheel furniſht with little beards, this being turn'd 


abour with the breach of the mouth, will raiſe the Mill-Rone, 


Q 2 Engin 
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To take up a Mzlſtone with an Engme wr ought by thi 
Smoak of a Lamp. 


Fig. 9 i Engine is admirable to the Beholders, to ſee 
4 ir raiſe a weight of 150 pounds; it is altogether 
like the precedent, bur that it hath a pair of toothed wheels 
between-the Screw A, and the Pulleys, the-firſt of them is im- 
mediately moved by the Screw, and the ſecond is moved. by 
the firſt, and: about its Axis the Rope turns round ; and thar 
the Smoak of the Lamp may ſupply. the force of the moving 
power, the centre of the wheel B C is firmly put into the Ax- 
1s D of the Screw, whoſe Teeth running. in each other, are 
rurn'd round: by the Teeth of the Wheels C and B, fixt to the 
Axis of the wheel F G,, parallel. to the Horizon ; this wheel 
| bs fo made of a thin Iron plate tinned. over, that the whole 
plane of the Horizontal. wheel conſiſting of the thin plate, is 
cut through with Channellings, and way for the Smoak to 
paſs, in ſuch manner, that while the Smoak of the ſuppoſed. 
Lamp. L, paſſes through by the oblique openings of the plate, 
it turns about the wheel hung to the Glaſtey. cover H, 'upon 
the point of a Needle, and- ſo. poiſed, that it may turn round: 
eaſily ; and.if- one Lamp dottr not ſufhce, 2 or 3, or more may be 
added : Allo there may be more wheels than the foreſaid: two, 
and-more little wheels of Pulleys. My Engine which performs. 
the —— cffeQ, conſiſts of eight Wheels and. Pulleys alo.. 
gether. SES | 
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Engin.. IV. 


By whoſe means a mighty weight rs continually raiſed, 

although the Power be not continually applied, but. 

now and then a little impulſe preſſes it on by it:1ts own 
endeavour. 


Fig. 94. A ; Fply an. Iron, or:Stone Globe { or:Ball ) of a great: 

.. magnitude and weight, to a ſpear of Iron, or 
Wood CD, and let the Globe be. vibrated together with the 
Spearabout the Poles A and B; moreover let here be ſome pretty. 
little arm E F L, fixt ſomewhere about the middle.ot the lit- 
tle Axis, or Pin K, but movable without any refiſtarce ; join to. 
this in F a crook F G turning cafily in F, tt the end E, of the- 
little Arm, be made like: the point of. a Sword, or.Knife, (or. 
little rongue ) which may rouch the Spear, being perpendicu- 
lar; then that part of the Spear which touches the little tongue, 
muſt be made ſharp in the ſame form, and, extended.ſo, that 
the little tongues reſpect and. touch each other. _ 

Then the Globe being thruſt with force, or being elevated, 
and falling again by irs weight, mightily. effects the Vibrations . 
by going and coming back, and each part of the. Spear made. 
fharp in E, hitting againft the little rongue. of the arm, forces:. 
the pin F G towards G, which by that means, ever and anon, 
lays hold. on new Teeth of the Wheel H, and turns round the 
Wheel, which cannot be turn'd back again, being hindred by 
the pin P, endeayouring the contrary. Another little Wheel: 
being annext to the Axis of the wheel H, turns the. Wheel 1 
about whoſe Axis the Rope of the Pulleys LM being curn'd; 
takes up the weight N, being faſtned to the loweſt Pulley; 
wherefore, if after the perpendicular ſtands ſtill, and maves no: 
longer, it be again raiſed: from the centre and let down, its 
vibrations will effe&t in the ſame manner as before for ſome 
time, raiſing the weight in the mean while, although n2 ows . 
ex be. applicd, ſo that the weight ſeems.to- aſcend of it ſell, 
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Note, That you may add one or two wheels to the whee] 
1; thar the weighr may be raken up rhe eafier, and lefs refift 
:the motion of the perpendicular; moreover in ftead of the 
Pulleys, you may uſe a Leaver, or a perpetual Leaver, with - 
Axis in Peritrochio, &c. Thirdly, the longer the Spear is, and 
- the heavier the Globe is, the longer the motion of the perpen- 
dicular.endures. Fourthly, the upper part of the little Arm E, 
-doth indeed endeavour downwards by its weight, but with 
1o:fmall endeavour, that *tis eafily moved by the Spear; the 
AJame end being but little inclined, fo thar a ſmall part of the 
*Jittle tongue be touched by the edge of the Spear ; and fo alſo 
the wheel H ought to confift of ſmall ſaw teeth, otherwiſe the 
force of the perpendicular will be too much allayed.  Fifrbly, 
'Tis hetrer, that only the upper part C F of the Spear be 1olid, 
and the remainigg part F D be of a little chain flexible: 
This Engin if it be ingeniouſly made, effects very well, and 
cauſes admiration in thoſe that ſtand by : Beſides, if the pow- 
er be continually applied to the Spear, or to the perpendicu- 
larin D, which will move it of its own accord, a vaſt weight 
may be taken up. with very little labour ; and although rhe 
Globe D be very heavy, yet becauſe it hangs freely, itiscafily 
moved, 'TIt this cafe there is no need to make uſe of the 
-ittle arm E'F L, bur *tis ſufficient that the Axis A B of the 
perpendicular be extended to Q, and there be fitted with a 
little 1ron hook, or catch, which may lay hold on the teeth 
of the wheel Q R: Or the little arm FG may be joyned to 
"the Spear C Din FE, and move the Pendulum with an oppo- 
fire motion, to wit, from F towards G : Bur this wheel in 
'this caſe ought ro obtain another ſite than before, ro wit, its 
plane ought to be parallel to the line 'of motion, which the 
perpendicular makes ; and its teeth ought to be retain'd by 


the like pin, leſt while 'cis free from the Claſp, or Hook Q,, 
"3r return to the oppolice part ; - likewiſe the whole Spear ought 
robe rigid, or hard. Yea, I confidently affirm, ſo that the 
ſpear which hath the proportion of a leaver be long enough, 
a vaſt weight may eaſily be taken up by one man, with only 
 thewheel QR, therope being turn'd about the Axis S of the 
wheel, alrhqugh no pulleys be added ; for the leaver hath 
great force, although ir be not in uſe in raking up weights, 
viz, becauſe they know not the wayq@whereby its motion may 
- be continued ; bur we have found he precedent which is al- 
together 
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tO me eaſie; 'and others" of the like nature": thay be::inven- 
For let the leaver be A B C, whoſe prap- is'in B,: and: the. 
power in: A ;. by weighing down, or deprelling this leaver, its 
other end C lays 'hold on the teeth: of 'the wheel D E, and: 
moves it, the iron Pin'Gihindering'it ro-go back; and-ar'the ſame 
timethe rope E F'being- turn'd' about the Axis "of the' wheel: 
takes up-the weight F; but the-prop B ought to be farniſht- 
with a ring above, in which the leaver muſt -be- put, leſt ir be. 
caſily moved to and fro, being. only a little bent, that it may 
be transferred from one tooth to another below it. 
Some-things to be obſerved'in the compoſition and uſe of 
Machines, or Engins. In the compoſition and ufe of the Engins. 
aforefaid, and of others of the like rrature, ſome things occur 
which deferve a peculiar obſervation. . EET 1h 
Firſt, *Tis. to be noted, that ſince in every Engin, that parr-: 
which 1s next to the weight, feels a greater impreſſion, or re- 
fiſtance of the faid: weight; and alſo ought ro be more ſolid; 
irm, and ſtrong: Example, In' Axis in Peritrochio, or a toothed:: 
wheel and a ſcrew, it will be-convenient fo to fit them roge- - 
ther that the weight may be ſuffain'd immediately. from the - 
fcrew, and the wheels applied to the moving power ; and the. 
{crew ought to be of more fokd matter, and made morefirm,. 
| fince in toothed wheels they cannot be made fo ſtrong, as to.. 
fuſtain great weight. | 
; This thing is' of great moment, and therefore to be obſer-- 
ved diligently 11 uſe, a tcrew; and alfo pulleys are wont to be. 
applied unmediately to a weight, for although a pulley ſeems 
ro-be lefs firm-and ftrong to ſuſtain a burden, beeauſe-that the. 
Axes of the wheels cannot'be made fothick.; notwithſtanding - 
each of them. bears not the whole weight, - even as neither any. 
one rope that is drawn, bur it-is in a manner diſtribured: ta.;. 
every one, fothatfrom all, one as it. were makes the reſiſtance. 


fir co overcome the weight, -- Ow 0 SH. 

Secondly, *Tis to be obſerved, that fome Engins may. move - 
2 weighr, or atio take 1t up to ſome height, and: yet notwith-. 
tanding of it {dF cannotmove it to any further height; fuck... 
are the wedge and: the leaver, thefirſt of them ſerving only for: 
cleaving, bur the ſecond, if it be immediately applied. to. a:. 
weight, 'tis manifeſt thar ir- can: raiſe it. bur a_httle height - | 
Wherefore 25.necd. requires; it: behoves- us 10. ufe. divers kinds-. 


of: 
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of :Engines;;.-but if toothed wheels, or ſcrews,. immediatehy 
"ſuſtain a weight in the ſame manner that we have declared 
above, ir: acquires greater force, and will move the weight to 
2 greater height ; alſoif a weight be immediately faſtned ro a 
ſcrew, it cannot raiſe it to a greater height: than the : length 
of the. ſcrew :. wherefore; the ſcrew hath this:; conveniency, 
thar-3tis firm and fit - to ſuſtain}, a great weight, -but cannor 
take-up a, weight very high: But on the contrary , the 
Pulley and Axis in- Peritrochio Can raiſe any weight to any 
height. 
Thirdly, In any caſe which may be propoſed, reſpe&t muſt 
be had to. the power, together - with the weight whieh it 
ought tra mopye, that an Engin be choſe which ſatisfies the in- 
tended end, for if the power abound, *tis in vain to multiply, 
-or augment the Engin, yea, with the loſs of much time : For 
as much as the more the .Engin is compounded, the more 
_ time is beſtowed in the motion of the weight : On the con- 
trary, it may happen, that ſuch an Engin may be choſe, 
by. whoſe means the weight cannot be moved by the power 
propoſed, or not without a great deal of trouble. Where- 
fore according 'to the rule ſhewn before (to wit, the power 
muſt be increaſed in the ſame proportion, that the yelocay of 
the :motion of the power, hath to rhe velocity of the motion 
of the weight) Firſt, you muſt obſerve how much weight the 
power of it felf can raiſe, or move, witheut an Engin, then 
trom the known weight which is propoſed ro be moved, it 
will be caſte. ro determine what kind of Engin is required ; 
where .note, reſpe&t muſt be had-to the proportion of the 
weight of the Engin, . and chiefly tothe reſiſtance of ir, which 
ariſes from its parts, rubbing. or wearing, againſt each other, 
for there are ſome Engins which make ſmall reſiſtance to the 
power, as Axis in Peritrochio, where there Js no other rubbing 
or wearing, but in its rwo Poles ; alfo the kavermakes no re- 
fiſtance by rubbing; but the ſcrew becauſe of its many ſpires 
reſiſts. much, and cfpecially if the ſpires be not very ſmooth, 
and the Cconyex, and the concave do not exactly anſwer each 
other ; mm like manner the Pulley, the more wheels it conſiſts 
of, the more motion ir reſiſts, becauſe of the multipliciry of 
Axes, which rub, or wear the Poles. | 
,Fourthly, Obſerve in any Eugin, the Wedge excepted, (of 
which by and by) another Engin may be joyned to encreaſe 
its 
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its faxce,-fo to the. leaver: we may. apply Axis in Peritrochio, 
likewiſe we,may add the ſame to the Pulley. Laſtly, We in- 
creaſe the force of the leaver, by adding the Screw : . Alfp the 
head ,of the leaver may be elevated by the Wedge, yea, 'tis 
oft-times uſeful to lay under the leaver a firm and ſolid bcdy, 
then between it and the head of the leaver, the Wedge,, 1s 
thruſt and drove in. = OR Pt RR I gen 
Fig. 95. Pulleys are not wont to be immediately applicd-to 
the leaver, for although the.rope A D of the Pulleys may be 
faſtned tothe leaver. CE . in D,. and by depreſling the head. of 
the leaver E may draw downward, notwithſtanding, becauſe 
this motion cannot be continued any further, theretore inſtead 
of the leaver, Axis in Peritrochio 15 wont to be uſed, which 
hath the proportion.of the perpetual leaver, as is faid above, 
for the ſame reaſon the Screw is not added to Pulleys ; for 
although this may draw the rope a little more, yet the weight 
1s thereby only bur little raiſed ; wherefore this artifice may 
be uſeful in caſe the weight were to be raiſed bur little from 
the earth ; <laſtly, the Wedge can in no wife help the Pulley 
being immediately applied. a ES 
The leaver may beneficially be added to' the Screw, yea, 
without the Leaver, the Screw 1s not wont to move, as 1s obſer- 
ved before, it may alſo uſefully be added to Axis in Perirrechzo. 
Alſo the Screw may be helpr by Pulleys, but they are ſeldom 
uſed, and the motion is bur ſmall, as appears by conſideration. 
But no manner of force is acquired from the Wedge,  fir.ce it 
is not applicable ro it. SE HO 2 Ss wi RR 
The Wedge oply ſeems not to acquire force' by means of 
other Engins, for 'u1s nNOC moved by the force of any P uileys, 
or Cranes, as ather Engins are, bur only 'by percuilion : 
Wherefore that the Wedge may acquire greater force, it be- 
hoves, to find a proportion, Whey a greater, percuilion ap- 
pears; and this alſo may, better be done by other, Engins, to 
wit, if, ſome-great Iron weight made inthe faſhion of ſome 
Hamrhter, be lifted up by the Engin, and theo falling by. its 
weight on the Wedge, it forces it in; but eſpecially by WIS, 
the Leaver A B, whoſe Prop is C; if zo the end A, 7ig.gs. 
there be fitted a' great: Iron Hammer, or Beetle, which . 


* 
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beingelevaredby theturning of the wheel Gfrom, F,cowards E, 
for it the wheel be fitted with Pins, while theatre Dorn daft, 
they hit againſt the end, of the leayer B, ang: rogether, wich 
rd des kgs "= : FT I: G4 ; 'R FEM ue #: '. 7 FW co wil ihar 
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chat depreſſing, they take up the hammer A, which by its 
weight falling again drives the Wedge D: And the wheel-: 
G may be moved by a multiplied proportion, or by other - 
wheels annext to the ſame, or by a capſtand, or any other - 
way : Commonly in Smiths Workſhops *tis moved by the. 
force of water falling on the little boards of another greater- 
wheel, fixt to the ſame Axis.. 
'-Henceir appears, by what artifice Engins are to be coupled; 
or jJoin'd rogether, and what is to be obſerved in their com- 
bination, or complication, according as there is need of grea- 
ter, or lefſer motion, for the railing of heavier, or lighter. - 
weights. - | 


©. . - 


Engin V.. 


HE Capftands, or. Windlaces, which obrains a. 
4 vertical ſite are of great uſe, becauſe that they 
may be moved only.by Animals, or Cattel, which-alone pro- 
perly and vigorouſly move with an Horizontal. motion ; ne- 
vertheleſs, it hath this inconveniency, that one weight being, 
xaiſed up, the Engin ought to be turn'd about with a con- 
cxary., motion, and ſo much time will be I6ft, while the Horſe 
is fitted. for the oppoſite part. ; therefore, to ſhun this incon-. 
veniency, let the Engin be compoſed of. two windlaces A B, 
C.D ; rothe Horizontal. one of them, faſten ropes with two 
Buckets Ys for example) ro draw warter, or raiſe another 
weight, ſo that while one Velfel afcerds full, the other may 
deſcend, you muſt fit to the Axis of the fame windlace, two: 
toothed: wheels, or rympanes G and H, beneath the roothed-. 
wheels, let. chere be another windlace'C BD, furnitht with ano- 
ther Tympane, or Horizontal wheel. G H, which ſuppoſe to 
lay hold on the wheel G, while the weight E is raited, and 
the empty vellel.F deſcends.; then the weight. E being raiſed, . 
move. forward a little the rympanes, or wheels G and H, to- 
wards B, that the tympane, or wheel..G,. may furſake the. 
teeth of the wheel, and theſe may. be implantecto the « other 
tympane, or wheel H, which may ealily. be. done feveral.ways;. 
for 10. the- windlace A.'B will be. turned.on' the oppoſite par b 
| | | | | 414 
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-2nd while the weight F aſcends, the veſſel E, being emptied. 
in" rhe mean time, Wilt defcend, an@ they will always afcend 
and deſcend alternately, orby turns ; alſo if the power (ſuppoſe 
a horſe) be applied to the end I, of the leaver.I L, it will 
turn about to the {ame part continually. | 

Or the tympanes, or wheels G H, may eaſily be fitted, fo 
that always ether may be ingrafted to the oppoſite teeth of _ 
:the ſame wheel Gy but nevertheleſs, they mult be made 


movable abour the Axis A B, yet ſo, that by means of the Pin, 
-or the ſmall leaver, N and M may eaſily be joined with the 
Axis, or Windlace, as often as you pleaſe, for fo by alternate 
force one. tympane or wheel, which ſhall be firſt made frrm in 
the Axis, by help of the leaver, reſiſting the moving_wheels 
will move the windlace, and take up the weight, while the 
other free from the pin, will obey the moving wheels 1n like 
manner, as if it were nor. 
But if you would apply men to the vertical capſtand, ot 
windlace, ſince theſe are ca{ly- fitted to the contrary part, ak 
ter the weight is raiſed, yea, they may commodioully turn 
about, leſtirhey ſhould be [giddy with the motion always one 
wayy you: may fit a double veſlel ro draw water in the fame 
manner, as appears in Fg. ys. Er 
Moreover a windlace in a vertical ſite, if it be fitted eichetr 
of the foreſaid ways, it will much better perform the effe&, 
Than a wheel, or a crane, which many uſe nor wxhour danger 
_ of their lives, for if a rope, as it ſometimes happens, ſhould 
break, thoſe which turn the wheel, from the great. force pre- 
conceived, are thrown out of the wheel, which cannot hap- 
pen ina vertical windlace. SORE POP TOS TIS 1 TOSHSTR þ> > (oy 
This ſame windlace, or capſtand, Seamen ute, to bring 5n 
great weights into their Ships, alſo to draw up their Anchors; 
in Which Engin this is to be noted, thar becauſe the Cables are 
ſo thick, thatif they were many times-wound about the. whid- 
lace, or cylinder A B, in Fig. 99. the Engin wopld:be rendied 
uſeleſs-;. therefore they' only receive 3 or 4 Spires of :the rope 
abour the cylinder, ſo that while one end of it C, is turn'd 
about the windlace, the other end D is thrown away ; and 
that che rope ſhould always con{t in the middle of the cy- 
linder, the cylinder muſt be made .in the; manner of - a Cone, 
broad, or thick. in the bptgm, as you fee in the figure! and: 
by this means the rope will always be kept irithe-middle. - . 
Se ee R 2 RE: Engin. 
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Engin, VI. 
To remove a Mountam,, or- heap of earth, from one 


place to-another eaſily and quickly. _ 


Fig. 100.PÞ ET the Mountain, or Hill, or heap of Stones be 
A, to be removed to- the place B-; to fave-time 
in going and retyrning.'from one place to the other, as alſo, 
that the- motion whereby the. Earth, -or Stones, 18 transferred: 
from A'to B may be ſwift, wemay make uſe of the following 
induſtry : EreCtart the'foot of the Mountain, or in its middle, 
a great and folid wooden column, or piece of timber CD,. 
and. ere& ſuch another in B, viz. EF, affix atitop of each 
piece, or column, the wheels Dand-F, and: make hotow each 
wheel in the circumference; and-put abour-them a great ſtrong 
rope, extended. parallel to the- Horizon: Bur \F' the diſtance 
from A ro- B:be great, laſt. the rope ſhouldibe' roo muck. 
{tretchtar bent, raiſe other. ſuch hke pieces, or columns:in the 
middle, with their wheels made hollow as aforeſaid, to- 
{uſtain rhe rope parallel ro. the Horizon-; on the rope thus. 
doubled; here and.there hang baskets, which muſt be fo far 
diſtarit from cach other, that they hinder nor one another ; and. 
the ends.off.the pieces muſt -be ſo-placed, that the power ap- 
plied :to'ithe i Teavers. G and H,- may be turn'd: about their 
Centres; for {fo the whole Rope with the Baskets hanging'on 
&,will be rurn'd about ſaccellively : Wherefoze,if men keep fil- 
ling the baskets ih A, and: others unload them in B; the: 
whole hill will be eafily-transferred-from A'to-Bp © ot 
{Where Note, | That the greater the wheels D and P are the 
twitter the rope and-baskets-will. be turned about # Which my- 
tion abort the axis, or piece of-timber being eafie, 'may be 2c- 
compliſht by. means. of ſhotr. leavers, that fo- the- motion: of 
che: baskets may be greater than the- motion of the power 
about the piece of: the timber. Beſides the ſaving of labour; 
_ and thesgaining of rime, which is effeed-by this Engin,-it- 
hatk likewiſe this conveniency, thatif between the two places? 
A and&/Byithere:ſhould. be a river; or-ſtream,- or ſuch like in. 
LE | acccllible;.” 
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acceſſible, as if the Farth were ro ber ansferred from a Mound, 


or Hill, ro the NEXT .adjoining Fields, and thete were A large 
deep Mote, or Dich, between them, you could ſearcely ob- 


rain your delire any other WAY... 


Engin. VIL 


To. draw Waters or Min 'ral matters, outof dep Well, 
+ of Pits." 


| z 4 ; 
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Fig. to1. Ecrge. Agricola deſcribes five divers Engis, in- 


of Minerals ;. the, firſt 3 whereof are wrought by men, the 


other two are turn 'd about by h orſes, in all of them he uſes. 
a double Bucket, or. Basket, one of which being empty de-. 
ſcends, while the other being full israifed up; in theſe Enpgins,. 
if the Pits be deep there is this inconveniency, that when the 
double rope is of ſuch length, as the depth of the Well, it is. 


neceſlary- that it be turn'd abour every. where on the Axis of 


the wheel, and it will take up much ruth on. the Axis, and. X 


"4129 


motion ; Tar if you Taorhe Axis thicker, 1 there will be few- 
er circumvolutions of the rope, and it will occupy a lefler, 


part 'of the Axis, bur. then it wi il require a.greater force. of 


the Hover to raife the weight,” or wheels much greater, to: 
which the immediare' POWET 1s applied ; moreover, that whic Ig 
makes to' the prefent thing, and is: of greater moment, i 
that. the. motion wherehy the weights aſcend, is for the moſi 
very. low ; wherefore we will deſcribe this Engin, . by. 
Stok help the weight i is raiſed with a motion doubly. ſwifter: 
than/the motion of the power. For ler. there. be a wooden. 
| &plinder A B, erected perpendicularly, LUrNINg, ea) ily, on its. 


poles,. 


vented and uſed to this end, in his 6th book: 


- m = _ - 
ww = 4” OC TIUoGYy VR OR A co wull.—=OCOG eng , we Le WARE ISS oo OO a, woo" = - o o 


— 


'1'26 Mechamch Powers. Book VII. 
poles, on whoſe head fit a Tittle wheel: A equipped with ſmall 
cylindrical ſtaves, being a kind of cog wheel, but in the 
middle let it be fitted witha leaver, or a double one C C, ito 
which the power is to be applied : And we will ſuppoſe tke 
power any way applied in C, the circumvolution of this Cy- 
tinder to - move circularly through the ctreumference of tix 
feet, ſo that four turnings round finiſhes 24. feet ; and in the 
{ame time by means of the little wheel A, the wheel D E toe 
' finiſhes a circuit by only one rurn ; bur the wheel F G is 
turned fix turns, or times, and then the Axis H I is moved 
quadruplz: of the wheel G, to wrt, it ' makes . 24. turns, or 
*Circumvotutions : Wherefore, if the Cylinder I H_ (on which 
the rope whereon the baskets are faſtned winds abour) be of 
{uch a thickneſs, that in. its going round, or periphery, 'cis 
- equal to 2 feet, the basket will aſcend 48 feet, viz. by a mo- 
tion doubly ſwifter than the motion of the power applied 
F ! 4 : | FE 
*Perhaps ſome may ſay, that ſo many multiplications of 
"wheels is not neceſſary, if ſo be the ſame proportion, whereby 
the velocity-of the motion of the weight increaſes, or of the 
baskets, above the velocity of the motion of the power, -2 
.2reater power alſo ought to be applied : Wherefore, when the 
velocity of the. weight, is greater than the velocity of the 
power, it may be obtained by means of one wheel only, all 
the reſt are uſed in vain. wy WWE On 
1 anſwer, that is true indeed, in ſpeaking Mathematically ; 
'_ _____ bur Phyſically, and in Prattice the thing is, other- 
- Fig.t02. 'Wiſe, which may be ſeen at the firſt view ; for-if 
__ © the power be applied immediately ro the Radius's 
A, B, fo that it move the Cylinder C D, with a motion 
doubly greater than &4'1e motion of thoſe radius's, or of che 
power ir ſelf, the power is more tired ; bur kſs, if the,ocber 
wheels aforeſaid come .berween, or being diſpoſed. in any. 
other like manner, ſo that the circle which the power:;de- 
ſcribes by its motion be. greater ; The reaſon whereof 'may 
- be twofold, the firſt is, becauſe when m this circular motion, 
the power being applied ro the radius, the radius hath.the 
proportion of a perperual leaver, and the leaver as is ſaid +be- 
fore, is Changed in each point of the Circle, alſo the *morion 
of the line of direction, (that is to fay, according 'to which 
the. power impreſles the force to the leaver) ought- continually 


S 


Book VII. _ Mechanick Powers: 127 
t2 change, fizce it ought always to be perpendicular to the 
leaver ; and *tis m2nifeſt, that a power cannot exadtly every. 
moment change the direC&ion of its force, fo that any force 
ſhall be according to a tangent line- of its circle, for as much 
as force recovers by turns, fo Imperus impreſſes often times by 
turns, that therefore the whole — cannot be guided to 
divers lines; therefore ſince neceſſarily this imperfection, of 
Impetus, ſabliſts in every 'anifnated power (of which only we 
are here ſpeaking) then the motion will be the eafier, 'where 
the power ſuſtains leaft of this imperfection: But this imper- 
fetion is leſſer, if the motion of the power be circular, or 
the motion of the circle be greater; if ſo be in a greater 
circle, the deflexion from a perpendicular line, or tangent, be 
always leſſer, ſurely in going about, we move. more-eaſily by 
a greater Circle, than by a. leſs, as appears manifeſtly .in the. 
praCtice-of horſes going about, for as much as while they con-.. 
ttaually bend, and endeavour to make a new line of motion, 
they are much tired. _ 4 

The ſecond reaſon is. becauſe as. appears in the ſaid Engin, . 
Fig. 101. the mation of the parts of the; Engin decreaſes, even, . 
to the wheel F, which is again moved: more ſwift, by the-- 
wheels E and D, and: alſo efte&ts a ſwifter motion in the Axis: 
I H, and. in the weight bound to the rope : For from this. 
decreaſe of ſwiftneſs, even to a certain limit of the Engin, 


- and again from a new increaſe, even. to the end of the ſame 


4 


Engin, and to the weight it ſelf, ir comes to pals, that the 


power ſuifers the leſs reſiſtance: I ſay, the ſucceſſive com- - 
preſſion of the parts of. the Engin, or the..endeavour of the - 
Impetus is propagated from the power towards the weight ; 
and ſince the motion is 'more ſlow about the middle of this: . 
Engin, than in its other parts, there, after a certain manner, 
is the reſiftance of the weight gathered together, that there- 
fore the power may luffer, the leſs from this chiefly, becauſe. 
the direCtion of Jwpetus from the power . towards the weight 
often-times coming unlookt for from new Impetus's, necellarily 
proſecures its: Journey towardsthe. weight, nor cannot reflect ir 


% 


towardsthe Power. 


Engin, 
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Fig. 101, - Engin. . VIIL. 


"To apply a wheel to the precedent Engin, and to others 


- 


+ if the like kind, by means whereof the power zs-caſed. 


þ Ecauſe the Engin laſt deſcribed, and all others of the like 
4D nature, for the molt part require the power to be ſuff- 


ciently ſtrong, in as much as ir ought to produce in the mo- 


vable, a {wifter motion ehan'the morion” which moves it ; 
-therefore-no Induſtry muſt be ommitred, ' whereby the power 


may by: ſome means '6t other be helpr, or leſs 'tyred. And 


thar will beſt -be done by adding a wheel of ſome heavy matter, 


and altogether ſolid tothe Engin, as if tothe Axis A B of the 
precedent Engin, there be faſtned an immovable wheel made 
of Stone,” L'N; parallel to the Horizon : ' For akhough at firſt 


' ©." *J;"! Ii a8 © «Ta \"f1 £1- dS * ©: 3 . | , 7: ' , : id 
fight it ſeems rather be be. an impediment, neverthelets, -it ap- 


pears by experience to add much t9 the acceleration of the mo- 
tion, with leſs gyring of the power; forif it be exactly itt Equz- 
-librio, ſo that the Axis pals preciſely chrough the Centre-of gra- 
vity of the Stone Wheel, ic will refiſt its circular moron * 
Hrrle or nothing, as from what is ſaid may be eaſily gathered, 
and-as it Ctearly appears from what hath been ſaid of circular 
Tmation”; byr'from another original, whence once it hath con- 
*ceived*an Tmperus, it retains it Jong in it ſelf, and' the more, by 
how much the heavier ir is, fo that for ſome ſpace of time #t 
will move other wheels and the weight, by only that Impetrs 
"conceived ar'firſt, without any new impreſſion from the Power ; 
-whence it happens, that although: che power ceafe for a little 
time 'from irhprefling a new Impetus, or at leaſt doth not 'ex- 
ert its force always uniformly, 'or producesan unequal Imperies ; 


nevertheleſs the 1hpetus conceived by'that wheel, ceaſes notto 


Proamiguee turcher, and reduces that inequahty, or deformity, 
-ro ſome kind of uniformity and equality, which how much 
*ris in the preſent aifair may eaſily be colle&ted from what hath 

"been ſaid before. 
Bur now obſerve, this kind of wheel may be fitted to the 
Engin 
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ſince it - berter obtains its end by 
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Engin in divers parts, and ſundry ways ; and firſt, as to that. 
which ering to divers parts 7 tis thanifeſt in the Engin how 
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are moved ſlower. and flower as ſome 
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_ Fig. 103. For let the Power be applied in H, which moves-. 
the Axis A B,..and by that,means the wheel B C, the wh&&l-D, 
and ar laſt by, the, help. of this, the little. wheel HF, -with the 
\#* — Fi,id hd an gi: 44 -- 1 ol\/Jp (a0 L.A Is 1 I | ; 
xs E 1,.to; which-che rope.is faſtngd, and. turn'd 


% 


takes up 


able, it effesthe Cefkerity. 


- » 4 


Secondly, The - forefaid- wheel may be placed. either in a 
perpendicular axis, fo that it may obtajn an-Horizonral. fire, as 
is ſeen in the foregoing. Figure,. or in an Horizontal axis,. fo - 
that it may. obtain'a vertical lite or petpendicular to the, Hori- 
zon,..as in the preſent Figure : .An4 although in ordcr. ro mo- 
tion, the facility differs little, which way of the two you. 
place it ; notwithſtanding, I eſteem it more neceſlary.. to be 
placed-in a vertical.fite, becaule, when in this caſe, the axis 
to which is applied neceſſarily. ought to be Korizontal, the. 
weight irfelf of the. wheel lies.on two Poles, and ſo-being di- 
vided between two;. each Pole ſuffers. leſs compreſſion, ard the - 
 reliſtance is leſs which ariſes from the weating, or rubbing of. 
the ſame Poles: Bur. if. it be. placed.on a perpendicular axis, 
the whole weight of the wheel lies on one. Pole, viz. the - 
loweſt, itmay feem-ro.retard the motion of the other wheels : _ 
Neverthelefs, becauſe that very often the motion. of the axis ].. 
is, .Wont.10, be made in a perpendicular fire, bearing on he ' 

| middle-- 
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middle part of the lower Pole, they ſharpen it ſo, that the 
' whole weight is born on a ſmall part of the Cavity, t| thar, as I 
have fad; therefore; the Wheel may move the others with more 
eaſe. 

Laſtly, Theſame. wheel, of * "which we are ſpeaking, may 
be aſeds doubly ina Fun 3 fire : b bo Y thar A ſtand wiv i 

&:up,in "te air, and <quiiidxiated,, as In the Pteecediy 
Each "Secondly, oo he it inſi "un ftand On he ſubjected 
Ppavengent; anderurn'd* about upon Ir ;'in which &afe it hath 
allo mare. force, than if . it 'were.: ſiſpended. wholly in| ſome 
axis : But the Pavement ought to be made level and :plain, and 
ſolid, as of poliſh marble, or ſuch like matter, and the Cir- 
cumference of. the wheel, which. immediately..couches the 
pavement, ought 1 ro be exactly rurned, that n impedimen 
Tetard che tnorip Jop ' $0 $ Wheel AB ddng & applied. . | 
io che extr( pgs Art 0 he kayer C P! fo Which | Fig. 104 
leaver in Tike Narine appl y; a power moying = 
Cylinder, of AxisD'E, and'b y this means, the wheel E, and 
oftentimes other wheelsfor while the Cylinder i is turned abour 
by the Leaver, the Wheel” A B, roles: AQout: Its Leaver, m_ 
ing on the, Hayeme ent, and'fr ng a double motion, to wit, 0 
about its” Look of about the Teaver CD, which'is, lead 
of an Axi9/*and” the prin about the Cylinder D-E, while ir 
runs out from B to'F, &c. And'in this manner, .t may be ap- 
plied almoſt co all Engins, but eſpecially,” ro choſe with which 
we 'ufe to' move great weights. And the greater-this Wheel 
is, .the better ir performs the. elfeCt, .10 Fig he "WEIGH, = in 
propoipign. to Hegpwer pliet: «2457 bhi : 
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To raiſe the ater waft a Fountain divas flowing, 
to any heights. iby-a Þ Polyntary motion., although. the 


, * Kt be: "pied: tha ler Yo | beth the W ater de- 
LS Fas wy eqn) & 
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Fig. 195... | "His Tnverrtion, you entertain the perperual 
A.M (Pati $7 af rl pot. to, It. felt, the: chiefeft. 
place : For. JERPENT: tÞ, draw "Witer by a V yo! untary motion, 
to a preatet height than is. ha t from: whence the Water of the 
fame. founctin deltends,. as: Uh manifeſt in SpiritaF Engins, but 
to give it a conrinual, motion,, thar.it ſhall never require the 
hand of a' man, this without don pope deſeryes great. praiſe... 

| This” Engin, "onraths. i590, buckets,” filling them. from the 
fountaih,: SEW | hits. ne "aſcends: the other deſcends CON-- 
-rinually; Fig - A Nb F, Fug Jeves Rage Warer for. Di 
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full weighs fs than the BuckerMB&ing fall,” Which deſcends ; : 
bur being empty that weighs more than this when empty: ; 
Hence 'tis, that while bath. are filled rogether from the veſlel; 
S, the Bucket M deſcends, and by its weight draws the Buck-- 
et A up: Bur on the contrary, While both together are emp- 
tied, the Bucket. A deſcends, and by its weight. draws up the. 
Bucker M. 

B. Flaps ro keep: the Water in,. tyed with a ſtring to the 
eaves: D, this leaver D turing eaſily about the Axis C croſs- 
wile, while the Bucket is raited up on high, hits againſt the 
piece of timber Z Z,. and opers the.flap B, and: gives way. for 
the Water to pals. through the little Pipe E into the Vellel X. 
The ſaid tfaþp B being {umewhat large, whereby. the bucket 
iz. be emptice the ſooner ; make the bottom ſomewhat 20- 

w., 
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low, leſt the emptying of the Bucket any way hinder ; and a- 
noint it with greaſe, that the Water may keep inthe better. 

_ E, A ſtick/joined to the bucker a-croſs,ard made fait ro the 
teaver D, which we call-an axis a lircle before, becauſe of its form. * 

D,: A Leaver with a lirtle Wheel; or a Pulley 4, annext 
to its top, the lower end of which leaver, is bound to the 
flap B, with a ſtring, for this end, that while the Bucket A, 
afcends towards the piece Z, and hits againſt the Leaver, the 
flap-is opened and:the Water goes forth. '' . | 

E, A little Pipe, or ſmall Tube, joined in the bottom of 
the Bucker, fo that it anſwers beneath the mouth of the hole 
of the flap, through it che Bucker 1s emptied witnin the 
relel X, the Orifice, or Mouth, ard its cavity, are not leſs. 
than the hole of the flap B, 

F, Rings-on both fides of: the Bucket, in which are ingraf- 
ted Iron threds, or chords G G. | 

6, Iron threds, or chords, which muſt be firmly extend- 
ed, leſt the Bucket in going and coming hit againſt the fide, 
and eſpecially while the leaver 6 hits againſt the pieceZ. 

H, A round piece of Timber, ro which the ſaid Iror 
Strings or -Wyers are faftned, which Threds. or Wyers ought: 
ro deſcend from the piece Z, even to the piece H altoge- 
ther perpendicular-,' and to- be diſtant from each other 
fach a ſpace, that they ſtrain not the Rings that are fixt to- 
the Buckets, or at leaft but lightly, that ſo the Bucket may. 
aſcend-and deſcend freely, and without vioknt wearing. 

I, A Rope to which the Bucker A. is faſtned, paſling. over: 
the lictle wheel, or pulley K, and within: the pulley L, and: 
from- thence extending. to the faſtned-pulley K e, to: whoſe: 
cop itis faſtned. _ FEE 

K, A Pulley joined to the piece Z, which muſt. be Jarge- 
for many reaſons, and a hole in the middle, and let there be 
a ſmall Axispaſſing through the hole, which will bear the - 
weight of the Bucket: an& Water... T0 

K e, A fixt Pulley, that is, it doth not turn about its Axis, 
but is immovable, or rather a fourth part of a Pulley, its Semi- 
diameter ought to be equal ro the Semidiameter. of: the Pulley 
K, that therefore the motion of the. Bucket M, may remain- 
uniform, that is, that it. may remain always in the fame per- 
pendicular ; otherwiſe the Rope of the Bucket M, will raze, 
againſt -the Iron threds,. or. chords GG, and ſo. the motion. 


will. be hindred. 
L, Ano: 
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L, Another Pulley, which while the rope I draws -on 
. both ſides, cauſes the aſcent of the Bucket A, to be as {ſwift 
again as the deſcent of the Bucket M, and: therefore that runs 
. double the ſpace in the ſame time as this ; for which cauſe the 
weight of the Bucke M full of Water, ought -to be as' much 
_ * more as the. weight of the Bucker A being full ; but on the 
; Contrary, the Bucket A, although it be leſter than the Bucker 
M, ought. to weigh more than it, they both being: empty, 
notwithſtanding - the exceſs ought to . be indifferent, and 19 
. exact, as- will fufhce that the Bucket A being empty in de- 
 ſcending, may draw up the Bucket M being empty. .. 
M, A Vellel, or a great Bucket, which by us deſcent 
. draws up another leſſer A, it hath a flap B, and little-pipe E 
:In the bottom, rings F F on the ſides, Iron threds or chords 
G G, as the former Bucket A, nevertheleſs, the leaver is ap- 
. plied in a divers manner. Car de 
_N 2, A leaver placed upon the Bucket M a-croſs, to whoſe 
.end » there is annext a ſtick » a, hanging or dangling, this, 
«while its end a, deſcending with a bucket rouches the Earth, 
raiſes the leaver N », and opens the flap B, of the bucket: M, 
AL m__ ſame time in which the flap B of the bucker--A -is 
. Opene PE Are Eons vl 
Oo, Two ropes faftned above'to the: bucker M, and-below 
.to the piece Y, or to the Earth, tothe end, that M ſhould nor 
aſcend beyond its due limits, nor A deſcend beyond: his :- 
I, 2, 3, 4y Oc. are leaden weights to weaken the Impetzrx of 
; the motion: in the deſcent, while they: lye ſucceilively one af- 
ter another:onthe earth, and leſſen the weight ' of the- bucker 
ro which they are faſtned; but in aſcending. while they are 
elevated from the earth one after another, they. adjoin new: 
-weight to the ſame bucker'; and they may be more or leſs, 
according as is necellary. FS | 
P, A- piece laid-athwart a: little abovethe backer. M,. having; 
.a hole in the middle, through' which a: rope. palles freely 
-without 'rubbing, to which the bucker is faſtnedeven tothe 
knot Q+, which: knot when 1t-comes to the: pjece P, ſtays the 
motion of the bucker M, and: hinders it, that in deſcending 
it daſh not againſt the earth, nor the bucket A-in aſcending 
hir againſt the piece Z'Z. I ies, 
- Q-,* The knor ſpoke of but now, to it. may be tyed -a' ſtalf, 
a:erols, or overthwart, which may <afily. be: looſt and chang - 
ed as need is, _... 3 Ave 
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* 'R,. Another knot with a ſtaff athwarr, which muſt be fo far: 

diſtant from the former knot, as is the ſpace of deſcent of the-: 

bucket M almoſt to the earth ; this knot may execute the of- 

m_— of the ropes O o, if the werghts -1, 2,73, &c. be not neceſ- 
ary. : 

S, - A veſſe deſigned to receive the Water from the Foun- 

. rain, it hath a flap, anda little pipe in the bottom, . as have the - 
buckets A and 'M, nevertheleſs, the little pipe ought to caſt: 
out the water from each ſide, and ar the fame time almoſt: ro 
fill cogether the. bucket A, ard rhe bucket M ; and becauſe 
theſe buckets are of divers capacities, ' the {aid-rwo little pipes - 
ought to. caſt our an unequal quanticy of water from the veſſel : 
S : This veſſel muſt not be in the middle berween: the two buck: - 
ers, bur behind afrer them. 

T, A leaver faſtned by a ſtring or rope, to the flap of the - 
Veſſel 'S to open it ; on thetop it hath the table F adjoined, that : 
the ſtaff V may hit ſecurely on it, and raife the leaver. 

'-Y, Afﬀtealf fixed firmly to the fide of the bucket M, with a: 
little wheel .or pulley on the top ; this when us pulley raiſes - 
the leaver T, and opens the flap of the veſſel $, while the - 
buckets are filling, the bucket M deſcends, and with it the ſtaff 
V;, and ſo the leaver T is kr down, and the flap, of the veſle] - 
S; is ſhur again, until the vetlels are empried below, and above; . 
M returns back with its arm -V, andraifes the leaver T. again, 
and opens the flap of the veſſel S, as before. So 

X, A veſletto receive the water of the bucket A: "This. veſ- 
fel ought to be ſuch a fpace beneath' the piece Z, -that while : 
the leaver *D hits on the piece, the little pipe -E. within the 
veſtel unloads the water of the bucket A. _ 

7, A piece of timber, a ſtump, or-: a ſtone, to which the - 
ropes OO are faſtned. EE 

''Z, A piece of timber tro which the pulleys K'and-K e are 
affixt ; this piece of rimber hath the cable þ afhxt to it at right : 
angles, on which hits the little wheel of the Ikaver D, and 
draws. near to the wall; and: draws. the bucket A with it to- - 
wards the wall, : that the little pipe E may hang over the head : 
of the veſſel X ; which may alſo be done otherwiſe. 

This Engin which was made at Rome in the Convent of Sr. - 
Marie de Viftoria, the leſſer bucket did Contain more than an 
whole Urn of Water (at Rome they ſay un Barile) but before - 
while they uſed leſſer buckets, the-Engin wanted nM 

| | OLE -- 
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Note alfo, that the bucket A ought firſt tro be emptied, .and 
"then the bucker M, otherwiſe the water as yet contain'd,. by 
the more heavy weight, would deſcerd with roo much force, 
bur you may obtain that by making the little pipe E of a due 
magnitude. i | | 
Its flapsare of matter, and form, and magnirude, that the 
water before they are opened, no way runs out; in the fore- 
ſaid Reman Engin, a palm, or hands breadih-was the length, 
and half a palm the breadth : The matter was Lead both ot 
the liitle rongue, and the table, in which the hole was, and 
was ſhutby thetongue : If they are made of wood, they have 
nor fo good ſucceſs. 


The Pulley L hath as much diameter, as is the diſtar.ce be- 
tween the true Fulley K, and the fained one Ke. 

. The weights «x, 2, 3, 4,.fc. are faſtned to the ropes OO, 
for this end, to ſtop the I»petxs of the deſcending bucket A ; 
for belides the I»perws which always increaſes in heavy bodies 
_ deſcending, the Impetzs likewiſe is roo much acquired from 
this, that when it comes to the piece Z, the whole - weight 
ot the rope I hangs on the other part of the Pulley K, and in- 
creaſcs the weight of the bucket M ; but when after the emp- 
tying of the buckets, the bucket A: being heavier than rhe 
 buckerM, rogether with the weight of the rope, it begins to 

deſcend, and draws with it the rope I, and therefore draws to 
it the weight of the Rope, and takes away the fame from the 
bucker.M. Then how much more is added to. one, and tra- 
ken from other, fo much. the more the Impctas increaſes of 
the bucket A ; which Impetas is weakned by the forefaid lea- 
den Plummets, while they are raiſed from the earth ſuccei- 
ſively... | 3g : gs 

Allo beware, left the ropes are made wet by rain, or by. wa- 
ter, Othetwile they: will be: contracted, and nor. retain their 
Laſtly, 'Tis oblerved/in the foreſaid Engin. that the water 
is raitcd as high again in the buckter A, as it deſcerids in the 
bucker M, by ref of the Pulley M, which doubles the 
rope : But it any one would have the water. riſe four times ag 
high, he muſt, add another Puilzy, and another rope ; in; like 
manner by the help of three pulleys. he may make the. water 
alcend to eight times the height, © c. fa rhat-the water Con- 
tain'din the bucket M, be quadruple or oCtuple, of that which 
5 : 48 4 
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Book VILE. Mechanick Powers  'r37 
is in the bucket A, yea, and fomewhat more, that the bucket hh. 
being full, may out-weigh the bucket A, and may draw. it 
downwards ; although the bucket A being empty, ought: al- 
ways to be heavier than the bucket M in like manner being 
empty. 

Schottus in his Technica curioſa deſcribes an Engin ſomewhat 
different from this, which was made at a Noble Man's Houſe ar 
Baſil with' good ſuccels. RA 
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Engin. X. 


To perform the ſame thing eafily m any gerven proportion 
of Herght. 


Fig. 1c6.J Et there be a fountain of conſtant Water running; 

into the Veſſel A, or at leaſt Jerit be derived thi- 
ther from ſome continual Fountain, and you would raiſe ir to 
the Veſſel B, whoſe height above A 1s 2o feet, but from A the 
water Cannot deſcend deeper than to C, to wit, 10 feet beneath 
the Founzain A; nigh the Veſlel B diſpoſe the Axis DE in an 
Horizontal ſite, cafily turning about the extream .poles ; dif- 
poſe ſuch another like Axis near the Fountain A, and annex to 
each of them the Tympane F, and the wheel G1; Tympanes 
of this kind are divided by Iron Rods, or Sticks, and of ſuch a 
largeneſs, that there may be put upon them . conveniently lit- 
tle Veſlels, joined together by a Chain annext to one another in ' 
manner of a Ring; it matters not what faſhion the little Vellels 
are of, ſo that they receive the Water eafily into them, and 
empty thefame our of them again, we havedelineared two of 
them together in the figure LN; thoſe which are put abour 
the upper Tympane hang on the ſame, and they extend 
or reach along to the water of the fountain A, and are dipr 
into it ſucceſſively, and draw the ſame while the Tympane is 
rurn'd about ; but when they come to the top of the wheel, 
they unload the ſame water, and pour it into the upper Veſle] 
B. But from the water of the ſame fountain A, the Vefiels par 
about the lower Tympane muſt firſt be fill'd, which ought to 
have alittle hole open in the bottom, - that the water may flow . 
T | from 
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from the Veſſel L into the lower Veſſel N, and from N into 
another, and ſo ſucceſſively all the Veſlels of one ſtde are fill'd ; 
for then' the weight of them and the water turn about the Tym-.. 
pane, together with the wheel G I of the lower Axis, which: 
wheel running into the other, moves the upper wheel and. 
turns it about with the Tympane of the Axis D E, that thelit-. 
tle. Veſlels draw the water from the Fountain, and raiſe it in- - 
to the Veſſel B; but becauſe the water ought to be raiſed dou- - 
ble the height in B, that it deſcends in C, therefore the upper. 
crewn or ring of little: Veſſels ought in like manner to be as. 
long again ( or doubly longer.) and therefore that it may be. 
carried about, and raifed from the lower crown or ring, being 
but half ſo big ( or doubly leffer; ) thoſe little Veſſels ought. 
to be lefſer, ſo that they raiſe upward-in the ſame manner ſub- 
duple, or half the water, yea, rather leſs, becauſe of the reti- 
ſtance of the Engin, but the lower little Veſlels receive double - 
the water, or ſo much as ſufhces to move both the Wheels, 

The lower Tympane may conveniently hang over the Well,. 
or Pit, deſigned for-it, within which the Crown or- Ring of: 
little Veſſels deſcending, when they come to C, the little Veſ- 
ſels are unloaded ſucceilively, ſo that one fide of the.Crown is-. 
always full of water, and out-weighs the other ſide, and turns }. 
about the. Axis : Thar. if the upper. Veſtel B being filled with. 
Water, which aſcends upwards, it again flows into the. lower - 
Veſſel A, and the lower part of the Engin is ſo accommoda- 
ted, that the pouring our of the Water appears not by means, 
whereof. the lower. Tympane is moved, ard the Spectators . 
may - eaſily be. deceived, thinking that Water only to deſcend:: 
which at once aſcended, that therefore. they may think it a 
kind of perpetual motion. Ts, 

If the weight of the Water of-the lower Tympane be don- . 
bly. greater. than. the weight of Water which alſcerds to the - 
upper Tympane, this Water may be. raited to a double Alti- - 
rude, and therefore.a crown of little Veſtels doubly longer muſt - 
be uſed ; and-thoſe little Veltels of the upper Tympane will be; 
proportionally lefter.in the ſame manner, v2. .it the water be. 
Lo be raiſed triple or quadruple higher, the little Veſſels of the 
upper Tympane, or wheel, muſt be triple, or quadruple lefler 
than thoſe of the under or lower Tympane, or. wheel, ſo thar. 
the length of. the, upper Crown is made amerds by the mag-.. 
nitade.of the little. Veſſels of the lower Crown... 


But. 


« H 


But the little. Veſſels of both Crowns may be made equal, 
and nevertheleſs the Water may be raiſed to any height, to 
wit, if the wheels GI which bite each other, be -made une- 
qual; for if the upper wheel hath its Diameter doubly greater 
than the under wheel, this will move that with a weight: of 
water doubly leſs, and therefore a crown of little Veſlels-'dou- 
bly lefſer will be equal to the little Veſſels of the upper Crown ; 
I ſay, the ſame of any other proportion, triple, quadruple, 
ec. Wherefore amends may be made divers ways for the height, 
and plenty of water aſcending, either by means of a greater 
upper wheel, or by means of greater little Veſlcls of the lower 
wheel, or Tympane, or partly by means of the greater wheel, 
.and partly of the greater ſmall Veſlels. BE COR IEEY 

But if from all the Water in the Giftern A continually flow- 
ing, the greater part of it is to be raifed in the upper Ciſtern 
B, as if you were to raiſe three parts of tour of the water, and 
bur one part only to deſcend, than the lower Crown muſt be 
3 times as long as the upper Crown, and the little Veſlels of 
the {ame muſt be ar leaſt three times lefler, if. both the Axes of 
the wheels G and I be equal. Bur if the wheels GI be une- 
qual, the proportion may be made fir another way ; for if the 
lower wheel be three times greater than the upper wheel, the 
little veſſels of the Crowns may be made equal, but the lower 
Crown ought to be three times greater; for in this caſe, while 
the lower wheel is turn'd about only once, ſuppoſing five of its 
lircle veſſels to be fill'd, the upper Wheel is turn'd about thrice, 
and therefore fifteen of its vellels draw water, and inlike man- 
ner 15 Vveſlels of water they pour into the Ciftern B. 

Alſo both crowns, or chains, to which the little veſlels are 
faſtned, may be accommodated to. one and the ſame upper 
wheel, bur it will be neceſflary to fit to the wheel two wheels 
with Axes, -as is declared before : Bur it the altitude to which 
the water is to be raiſed, beſo high that it requires very great 
wheels, other wheels may be diſpoſed in the middle berween 
each wheel, which may be moved ſucceſſively by the lower 
wheel, equally or unequally, according to the proportion of 
the quantity of water, or the magnitude of the little veſſels; 
for this will be very commodious, as if the water be to aſcend 
higher, we add to the Engin one or more wheels, if not ſo 
high, we take away the ſame, making no mutation or altera- 
tion of the Crowns, or Veſlels; moreover the veſſels of both 
—_ TXT” crowng 
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. Crowns may be always equal, and yet the water may: aſcend 
to-divers heights, F lower crown remaining the ſame and nor. 
altered, by only.changing the magnitude of the upper crown ;. 
for as is ſaid above, it the water ought to aſcend 4 times as 
high as-is the deſcent of the other, *tis ſufficient that the crown 
of the upper wheel: be 4 times greater; or fomwhar leſs; and 
the upper wheel-G I, mult in like manner be 4.. times greater 
than the lower, or little more ; for ſo the upper -wheel will be 
moved 4 times flower, and*will raiſe a fourth part of the: wa- 
ter, the crowns, or chains, of both veſſels being equal. 
Likewife. the Wheels and Axes may be multiplied together 
with- wheels-annext, and: the chains, or crown, of veſlels, ſo- 
that one be put upon another; for we may make another 
Wheel to exiſt on the Axis D E, whick-may be moved .by. the 
middle wheel G I, and furniſh it with-a wheel, and-a chain of 
ſmall veſſels deſcending into the Cittern B, and. drawing wa- 
ter from thence; moreover that water now raiſed into B, may 
from the crown, or. Chain H I again beraiſed either all, or ar 
leaſt; part of it into another Recepracle, or Cifſtern, higher, and 
from this into another as high as you pleaſe, all. which we 
leave to the will of the induſtrious Artificer, ſince we have 
. ſhewn ſo many ways, it may. ſuffice. 
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Engin XI.. 
To empty ſtanding Waters. 
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Fig. 107. K is. a long jagged wheel joined together with: 
A, ſtrong pieces of Timber, deligned-for the draw-- 
ing off, or draining of water ; the-lengrth may be made ar plea-- 
ſure, according tothe [proportion of. the breadth of the. water, 
alſo it may be made-1o broad, that- the. whole Semidiameter 
from the Circumference.to the Axis be immerſt in water, yea, 
the Circumference may touch the. bottom, far as much as the 
moving force: af. the wheel-may be increaſt.as.,you pleaſe, and 
as need requires. 

__ Fromthis wheel A,, the Leaver BR paſling through the- wheel, 
and-the water extends. :0 the Earthzor Shoar, where is erected. 
a.wooden receptacle C.C,; the wheel :D. is adjoined to the. 


leaver. 
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Teaver B, which compriſes-the wheels E and F, and theſe the 
wheels G-and H, and thefe the wheel T. , 
The leaver of the wheel I reaches ro K, where it hath a 
ftrong Iron Ring put about it, which 1s furniſht with holes 
through the Circuit, and ſtands out towards L, that it may re- 
ceive L within It. | 
LQ is a Cylinder, whoſe end L is furniſht with a like 
Iron Ring bored through in the Circuit, only cis a little lefſer 
or ſtraiter than the ring K, that it may be thruſt within it, af- 
ter that the ſaid end L is par within the ring K, both the rings 
are. firmly: bound by Wedges and Hooks of Iron driven in 
through each correſponding hole, that the Cylinder L Q;, to- 
gether with the leaver K, may be turn'd about: In M are 
Wedges, and Hooks of Iron, which are Join'd to the two faid 
iron rings K and L, and made firm, thar the axis K and the 
Cylinder L may be turn'd together, the rope that draws is 
folded about the Cylinder L Q\, which mult be lengthned that 
it may paſs above the wheeb or pully N.;. tothe rope is hung 
the weight O, of as many hundred; pounds as you pleafe, or 
neceility requires; this weight, while the rings K and L are 
firmly Joined, turns- about- the wheel I, and this the middle 
wheels H and G, then E and F, and at laſt D and B. | 
The weight O, how great ſoever it be, after that *tisturn'd. 
about with his rope, -it may be raiſed again, or by a man on- 
Iy, it may eafily be done with the Engin calted Pancratium P. 
which thar ir may be done, *ris neceſlary that the end Q of 
the Cylinder L Q-be not round; bur ſquare like'the end of a 
fpit, which being rurned-round, the little Engins are turn'd a- 
bout, and. 'tis bored: through that it may receive a Nail, or a 
Wedge, bur the end of the Axis of the Jlowelt wheel-:of the 
Pancratium Ought to have a ſquare hole which agrees with the 
faid end Q, that this may be put into that, and faſtned with a 
Nail, or made firm with"a-wedg after that: manner, thar a 
Spit is thruſt into the. hole ofthe round machine, or wheel, that: 
turns the Spit. . | 
Then when-. the - weight O is drawn to, I take away the- 
wedges and hooks M, from the rings that are conjoined to K. 
and:L, thar L may. be freed from K, then I apply the Parncra-- 
tium to. the ſquare: end Q, and-turn about the. handle ofthe 
Pancratium, Which-when done, the wheels I, .H, G, ec. - reſt, 
but the weight O is raiſed, and the leading rope-is turn'd-abour.. 
he-Cylinder L Q._ : After. 
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\ Aﬀer that the weight O is raiſed, join again and make firm 
one within another the rings K and L, but remove the Par- 
cratium from Q , and the weight by its deſcent will again turn | 
the wheels I, H, G, ec. 
From whence it appears, that the chief Artifice is placed in 
this, that as great a weight as you pleaſe may be applied in- 
ſtead of a power, by means whereof while it is moved very 
ſlowly, it effects a ſwift motion in the extream wheel of the 
Engin; and again, by applying the Pancratium P to the Engin, 
Whole Fabrick is declared above. 
But becauſe perhaps it requires as much time to raife the 
. weight O with the Pancratium, as is that wherein the ſame 
weight deſcends, and iherefore great parr of the Engins time 
is loſt by this effeCt; therefore I adviſe to diſpoſe another Axis 
T V. upon the Axis LQ, and iv the mean time while the 
weight O deſcends, and the Engin performs its effe&t, the ſame 
Pancratium being applied to the Axis T V, may raiſe another 
weight X, to be applied again preſently to the Engin, as the 
weight O comes to the bottom, to be taken up again by the 
ſame Pancratium, while the wheels are turn'd about by the o- 
ther weight ; for fo the Engin, or Machine, will never ceaſe 
from morion,: beſides that little time wherein the rope being 
looſs'd from the weight,is again turn'd about the Axis L Q ,and 
the faſtning it to the other weight now raiſed above; yea, 
thoſe iron Rings and Wedges will not require to be uſed, if 
{o be you can uſe one continued Cylinder only M L Q; to 
which the rope may caſily be wound about, fince this will be 
free from the weight; Or likewiſe a double rope may be 
uſed, one of which without weight ( or at leaſt but a little ) 
may be wound about the Cylinder, while the other is roled and 
drawn downward by the weight. 
This Engin if it be made after the foreſaid manner, it will 
be indeed more ſimple and eaſe, and ſerve for many other u- 
ſes; as for Example, the lower wheel B will eafily be applied 
to a vertical wheel, which will likewiſe turn about ſwiftly a 
hand mill; in like manner there may be added to the Axis B 
D, pins. to take up Peſtles wherewicth mineral] Veins may be 
pounded, or Gun-powder, @*c. as is declared betore, alſo 
there may be many other wheels to turn abour to wind ſilver 
\ Thred, and other ſuch like, as will appear to the Conſliderate. 


Engin 
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Engin. 'XI.. 


By whoſe means the water always aſcends to any given height, 
ſuppoſing alſo it be but a. ſmall ſtream of water, ſo it be. 


but conſtant. 


Fig. 108.F. Et there be a large Receptacle, or Ciſtern A B, 1n-- 
to which the water conſtantly flows through. 
ſome Channel, or Pipe C, below that cifkern make two other 
ciſterns G H, and X Z, in two ſeveral places of ſufficient big- 
neſs, according to the proportional quantity. of water, which - 
muſt deſcend .by turns from the cittern A B, into thoſe two. 
lower ciſterns-as will appear by and by, and for that caulc, the 
Tubes F G,muſt deſcend from the bottom of the ciſtern A B, in- 
co the ciſtern G H, and Y X into :the ciſtern XZ, and theſe 
Ciſterns muſt be furniſht with a cover, and the cover muſt come - 
cloſe to the fide, for they ought to be every where cloſe and. 
ſhat, bat the ciſtern A B muſt be open; thoſe Tubes upon the. 
bo.tom of the ciſtern A B, muſt tiave flaps E and D, fo thar- 
th-1r mouths may be ſhut or open: The ciſtern G H will need: 
another Tub in its lower part, furniſhe likewiſe with the flap I, 
and the ſame muſt be as near as may be of the magnitude with: 
the Tube FG and Y X; the ſame muſt be performed in the 0- 
ther Ciſtern X Z,which in like manner mult have the like Tube . 
Z furniſht with a flap. _ 
Through the cover of the: ciſtern G H, a ſmall hole being - 
made, .deſcends a rod of mettal OM fitting the hole, ro 3; | 
lower part the braſs veſſel M is ſoddred faſt being inverſled, to 
wit, ſo that the open part of the veſlel, or bucket, look down-- 
wards, and to the other, end of the rod O, is faſtned the-arm 
O N, which is ſo poſited in N, that it may eaſily be moved up-- 
wards or downwards ; to the ſame little arm O N 1s atbxt ſuch - 
another like rod, which deſcends in the ſame manner into the 
lower Ciſtern, and ſuſtains the weight L within the: Opn - 
nally, that little arm is furniſh with a little wing, a, hindering . 
its coming upwards, and: 'tis intercepted. with a double ſtaff, 
or ſpe>r, or between the notch Þ N, 'tis- interrupted by the. 
little arm 6b a thwart ; this kind of ſcatt,- or notchi; on its. up-- 
PEr-- 


a wer at wo 


,. 
DT TE EC 8 — eons ww A 


© » —_- Ln 


"4 
. 
9 08 00 e eek On. 0th eh EIS EE PU VE Br, tn Ev er PE TR EY. EE CRISS 
8 s 6 


1144  Mechamck Powers, 


per part Þ, is faſtned to another ſtaff or Jeaver P Q V, and to 
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the ſame leaver in Q, is knit or faſtned another rod I QR, by 
whoſe means the flap I is opened and fhur: Furthermore the lea- 
ver R ST is moveable about the centre, by help whereof while 
the flap D is lifted up or opened, the other flap E is depreſt 
a:d ſhut, and vice verſa. 

Theſe things being thus diſpoſed, rhat ſome determined part 
of the water which deſcends into the Cilterns G H and X Z, 
may aſcend again to any given height, (as for example) into 
the upper ciſterns A and B; above the ciſtern G H make ano- 
ther veſſel,or ciſtern C E, yet ſo, that it may be ſomewhat low- 
et than the ſuperficies of the water that is in the ciſtern A B, and 
ler it be cloſe ſhur every where that no air enter in. Through 
irs bottom,and through the cover of the ciſrern G H, let the 
Tube C H deſcend reaching almoſt to the bottom of the ciſtern 
G H, and almoſt rouching the cover of the ciſtern CE. Then 
from the ſame veſſel C E,muſt aſcend two other Tubes into ano- 
ther veſſel like that before, to wit,the Tube E F, which almoſt 
rouches the bottom of the veſſel C E, and the cover of the up- 
per veſſel D G; and the Tube CD, which aſcends from the 
cover C of the lower veſlel, almoſt to the cover of the upper 
vellelin D ; altogether in the ſame manner, two other Tubes 
G A, D H, mutt aſcend from the veſſel D G, into the veſſel 
H A. Laſtly, in the uppermoſt veſſel A H, which much be o- 
pen without a cover, fit a Scyphoy A P, through which the wa- 
cer 1s derived,or conveyed, into the ciſtern PQ deſigned for uſe. 

Above the ciſtern X Z, in the ſame order muſt be placed fo 
my s and altogether the fame vefſels furniſh with the ſame 
Tabes. | oo 

Then from the ciſtern A B, by opening the flap E F, the wa- 
ter flowing into the lower ciſtern G H being cloſe ſhut, *tis com- 
pell'd by the compreſt Air to aſcend through the Tube A C,into 
tne upper veſſel C E, the Air being excluded in the mean while 
rrom it by the Tube C D. But in the ſamertime in which the 
veſſel CE, is fill'd with the Tube A C, its breadth being lets than 
the breadth of the Tube F G, the water always fills the ciſtern 
G H, and forces the inverſs bucket M to afcend, untilat length 
by means df the leaver,or arm O N, hitting againſt the little arm 

b,. raifes the ſtaff Þ N, and the ſame werk interpofing P Q V, 
oper the flap 1, and ſhuts the flap Z, and likewiſe by means 
A 


another leaver R T S, the flap E is ſhut, and the flap D o- 


x 
, | 


pened, 


s of 
. 
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pened. Then from henceforth preſently the water from the 
Ciſtern A. B, begins to flow into-the other ciſtern X Z, and from 
thence aſcends and- fills ' the :upper veflel L, and -at the ſame 
time by opening the flap I, the receptacle G H is emptied of 
all the water, and-therefore- the inverſe bucket -M deſcends a- 
g4in, and the weight L in the middle, and the wing @ draws 
down again the ſtaff Þ N, and ſhuts the flap 1, and opens the 
flap Z ; and likewiſe ſhuts the flap D, and opens the. flap E; that 
the water may again flaw into. the receptacle G Hz then by 
condenfation, or preſling of the Air interpoſing, the water 
which now ſhould aſcend into the veſſel C E, is forced to raiſe 
higher into the veſſel D G, which being filled, they preſently | 
Change turns, and the flaps Z and E are ſhur, and I and D are 
opened, and ſo the water aſcends from the veſſel L into the 
veſſel M; this in like manner being fill'd, the flux of water is 
changed, and the water aſcends from the veſlel D G, into the 
uppermoſt veſſel A H, afterwards from the veſſel M, into the 
vellel B, . while in the ſame time the veſſel A H-is emptied: by 
the Scyphon, the water flowing into: the common receptacle Q_ 
P ; then again the veſſel CE is fill'd, and after thar the veſſel 
L, and in the ſame order alrernately new water aſcends from 
one vellel ro another, -as oiten as the flaps change turns, being 
ſometimes open and ſometimes ſhut. 

© Where 'tis manifeſt, if the veſiels be increaſed one above ano- 
ther, the water will be forced to any height although bur flow- 
ly; and the foreſaid veſlels ought to be fo far diſtant from one 
another, that the height of one above the other, doth not ex- 
ceed the height of the receptacle, or ciſtern A B, above the: ci- 
ſterns G H, Z X, or the perpendicular altitude of the fall of 
the water which we conclude to be conſtant. Moreover the 
Tube CD ought to be fitred with a flap, or thin board in C, 
ſo that when the veſſel C E is filled with water, the flap or 
board: may ſhar ic,thar the air break not out through the Tube 
into the veſſel above, for 10 this air being comprelſt, forces the 
water from the veſſel C E to aſcendinto D G; I ay, the ſame of 
the Tubes C D and D H, &c«. alſo this artifice may be other- 
wiſe diſpoſed, as ſhall ſeem meet to the induſtrious Arrtificer. 
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OF 
CIRCULAR MOTION- 
BOOK. VIIL. 
PROPOS. LE 


Of mix Motzon from Circular and Right, or from two 


or more Circular. 


© 


TXT Hile a Wheel is moved'upon a plane fuperficies, I fay, the 
' ſame of a Globe, or ball, the central point only of the: 
Wheel,or Globe,is moved with right motion,all the other points, 
or parts of the moved Wheel,or Globe, are moved with a mixc 
motion of circular and right. 

\ This. motion of rotation on a. plane hath admirable properties 
throughout, which being rightly percieved, it will be eaſy to: 
underſtand the-other mixt motions: Wherefore we make a. 
beginning from it ; bur yet we firſt adviſe that circular motion- 
truly and Phyſically conſiſts of many right lines, nevertheleſs. 
in this place we will confider it even as. if it were: altogether 
fimple motion, but where it wilt be needftul ro conſider thoſe 
{mall parts of right motion of which ciicular motion is com- 

pounded, there we will. make particular mention. 

Fig. 10g. Let then the Wheel, or orb, be AZLQ;, inſiſting 
on the Plane AD on which it is to be roked, or turned; and ler: 
the right line A. D be equakro the arch A Q, fo that while *the- 
Wheel is moved. towards D, the point Q: may touch in the 
point D: Inthis motion 'tis manifeſt, Firſt, that the Centre of the: 
Wheel O 1s moved by the 13ght line OE, for ſince the Wheel 


always. 
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always touches the plane in ſome point, and the Centre O is 
always equally diftant from the points of the Periphery, which 
ſucceſſively touch the plane, the Centre O will always be in the 


line O E, and when Q is come to D, the Centre O will be in 
C, and the Centre O always inſiſts perpendicularly on' the 


point of Contact. 

Secondly, *ris manifeſt that any other point is moved with a 
mixt motion; for if, for example, we take the point L, over 
and above the motion of the centre 'tis moved towards Y, ſo 
that if the Wheel ſhould not be turn'd about the Centre O, bur 
only moved upon the plane, always touching the Plane AD 
in the point A ( which is to move only by the motion of the 
Centre ) the point L will be moved by the right line LY, and 
while A is in D, E will bein Y, O will bein C, and fo any 
ather point of the Wheel will be moved by a right line parallel 
between the extreams A D, LY. In like manner, the poinr 
L, or any other, will be moved only by a circular motion, if 
the Centre of the Wheel O be altogether immovable, to wit, 
L will be moved by the arch LK e, &c. A, by the arch A T, 
&c. alſo the point N will be moved by another arch of a leſſer 
Circle, &c. Since therefore the Wheel is moved together by the 
motion of the Centre towards E, and by the motion of the 
Orb fromLin Q, and fromQin A, &. the point L will be 
moved with a mixt motion from both, to wit, of the Centre, 
and of the orb, that is, of right and Circular ; which may be 
ſaid of any other point, the centre excepted. 


bem a eee ee ee ea Rey 


ou - . 


PROPOS. IL. 
Any point, except the Centre of the foreſaid Wheel, or globe, 


deſcribes a crooked line, which 7s not circular. 


Figs. 109. FOR example, take the point L, and that you may 
Adi Þ get the fine which it deſcribes, divide the arch 
of the quadrant L Q in as many equal parts as you pleaſe, ſup- 
poſe three, LK, KA, HQ; alſo divide the line of the plane ' 
AD into ſo many equal -parts, to wit, three, then the point - 
L having paſt over the firſt part of the arch LK, if it were 
moved only by the motion F che. orb, it will bein K; we 
2 , 


| 


_ Mechanick Power. Book VIIT: 


if it were moved only by the motion of the-centre it would be 
in.V, therefore let the right line MI be parallel to L Y, and 
let-K' I be equalto L K, or A B, without doubt the point L 
will bein I; For the motion of the orb gives LK, or M K, 
bur the motion of the Centre gives L V, or KI. In like man- 
ner, in paſſing overthe arch K H, the fame point L will be in 
G, if you take H G equal to A C, or L V, and parallel co LY; 
For the motion of the orb gives L H, or N H, and the.motion 
of the centre gives A C, or L V, which is equal to HG. Laſtly, 
in paſſing over the arch H Q, the point L will de in E, to wir, if 
Q E be taken equal ro A D, or LY, for the motion of the orb 
gives LQ, or OQ.and the motion of the Centre gives A D,orL Y. 
Secondly, take the point A, and that you may have the line 
which it deſcribes, divide in like manner the arch of the qua- 
drant A Z into 3 equal parts, to wit, in T and Y, then in 
paſling over the arch A T, if the point A be moved only by 
the motion of the orb it will be in T ; but if it be moved only 
by the motion of the Centre it will be in B, therefore if you 
rake T'S equal to A B, the point A will be in S. In ke man- 
ner, in paſling over the arch TY, if the-point A ſhould be 
moved only by the motion of the orb, it would be in Y; bur 
if it ſhould be moved only by the motion of the Centre, ir 
would be in C, wherefore if you take Y R equal to AC, ir 
will be in RK. Laſtly, in paſſing over the arch Y Z, it will be 
in P, if ſo be you take Z P equal to A D. 

From hence it appears, that thoſe are Curve, or Crooked 
lines, and yet not circular; wherefore ſome call them by 
A on word, F/hirling-lines; you may call ' them as you 
pleaſe. 

. Alfo by this you fee that the point L, which is oppoſed to 
the point of Contact A, is fo moved, that the motion of the 
arb, being added to the moricn of the Centre, for each motiorr 
1s in the antecedent, ' bur nevertheleſs the point of contact A, 
is ſo moved that the motion of the orb is taken away from the 
moticn of the Centre ; for the motion of the Centre is in the 
antecedent, but the motion of the orb is in the Conſequent, 
notwithſtanding becauſe the motion of the Centre, is greater: 
than' the mation of the orb; it follows, that the point A 
Simply and abfalutely will. be moved inthe antecedent, ro wit, 
towards. D, neither will it wholly go back ; to wit, it will. be. 
moycd towards D, only ſo much. as is the difference X S, be- 

: TWEEN: 
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tween the motion of -the orb AT or K T, and the motion. of 
the Centre ABorST. 

Alfo take notice that the point L deſcending in the arch L Q, 
will be ſo moved that the motion of the orb adds to the mo- 
tion of the Ceatre, the right {ines of the arches it paſles over. 
So the motion of the. orb L K;, adds the-right fine MK, to the 
motion of the CentreKlIor LV; and the motion of the orb 
L H adds the right fine N H, to the motion of the Centre H G 
or L V, &c. But nevertheleſs the point A oppoſite to the point 
L, to wit, the point of Contat with the plane is ſo moved in 
the arch A Z, that the motion of the orb takes away the right 
{ines of the motion of the Centre , fo the motion of the orb. 
AT, takes away the ſine T. X from. the motion of the Centre 
T S or A B, to which TS is equal. But now the pointZ is fo 
moved through the arch ZL in aſcending, that the motion of the 
orb adds the verſed fines to the motion of the Centre; thus the 
motion of the orb of the arch Z 4, adds the verſed fine Ze, to 
the motion of the Centre D. F, wherefore if you take D f equal 
to A B, the point Z in paſling over the arch Z 4 will be in f; 
likewiſe in paſſing over the arch Z 4h, it will be in g, for the 
motion of the orb adds the verſed ſine Z mw, to the motion of 
the Centre A C, equal to which þ g being taken, and in run- 
ning through in the arch Z L, will be in Y,for the motion of the 
orb adds the verſed ſine HO to the motion of the Centre LY; 
moreover the oppoſite point Q fo deſcends through the arch 
Q A, that the motion of the .orb takes away the verſed fines 
from the motion of the Centre; fo in paſling over the arch Q. 


2, the verſed fine Qt, is taken away from »r, which 1s. pur 
equal to the motion of the Centre A B, and fo the point Q will 
' be in »; but in palling over in the arch Q p, the point Q will 
be in B, to wit, p b being taken equal ro the motion of the 
Centre A C, for it takes away the verſed fine QI; Laſtly, in 
paſſing over the arch Q A it will be in D, and ſo the verſed 
ſine Q O will be taken away from the motion of the centre 
A D. 

Hence you eaſily ſee the deſcription of lines, which each point 
of a circle runs over being roled, or turned, on a plane. Alfo. 
you. ſee the line which the point L deſcribes in deſcending, that 
is to anſwer the line LIGE, and 1s equal to the line Z tg Y, de- 
ſcribed from the point Zin aſcending; and the line A SR Þ de- 
{cribed from the point A,anſwers, and is equal tothe line Qr 5D 

| ah . deſcribed 
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deſcribed from the point Q, that aſcending, but this defcend- 
ing. TUE OR” 
,"""_ alſo it is that the points L and Z are moved moſt 
{wifr, but the points A and Q moſt ſlow; and the point L is 
moved Swifteft of all in the beginning, afterwards more ſlowly : 
Bur the point Z by inverſe proportion is moved {lowly in the 
beginning, and ſucceſſively more ſwift. In like manner the 
pint A is moved ſloweſt of all in the begining, afrerwards 
tucceſſively more ſwift, but the point Q by inverſe proportion 
is moved more {wift in the beginning, and in the end moſt 
ſlow. Wherefore all the points indeed are moved with ' un- 
equal motion, while they run over the quadrant; but 
the whole. quadrant being compleated, the motion of the point 
L, and of the point Z come to be equal, ſo alſo the motion of 
the point A and of the point Q. EE Tn 
Moreover you ſee the Centre O to be moved {wifter in the 
beginning than the point of Contact A, but in the end more 
flow, and the ſpace which the poinr O diſpatches from O in C, 
1s greater than the ſpace which the point A diſpatches from 
A in ÞP. | 
Alſo you ſee that no point is moved with an equal motion, 
except the Centre, bur by an accelerated or a retarded motion ; 
{othat from rwo oppoſite points one is moved with an accelerate, 
motion, as the point A, but the other with a retarded motion, 
as the point L. | Rs 
At length if you take the point B 45 degrees, that is, which 
diſpatches the greateſt ſpace of all, for the morion of the Cen- 


tre OS equal to A D,is added to the motion of the orb from B 
in 


Fig. 110. Thirdly take a point within the Circumference, 
{ſuppoſe the point F: And that you may find the line which ir 
deſcribes, make the Circle F 4, G 9, and divide the quadrant 
PF 4 into 3 equal parts marked in the points 2, 3, Then while 
the motion of the orb comes to 2, the-motion of. the centre 
A B or 2, 5 .is added to the fine 2, 1 of the arch F 2: In 
like manner while the motion of the orb comes to 3, the mo- 
tion of the centre A C, or 3, 6, is added to the right fine H 3. 
Laſtly while the motion of the orb diipatches the quadrant F 4. 
and comes to 4, the motion of the Centre Q 7, is added to 
the right fine Q O, and deſcribes the line F5, 6, 7: In like 
manner,by what hath been ſaid, you may eaſily -find:the ahtr 
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lines which the other points of the ſame leſſer circle contain.'\d 
within the greater deſcribe. So the point 4 deſcribes the line 
4M N+P, while the verſed ſine 4 R is taken from the motion 
of the Centre AB or LM; and the line 4, 5, from the mo- 
tion of the Centre AC or TN; and laſtly the verſed ſine 4 O 
from the motion of the Centre AD or G P. | 
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PROPOS. II. 


A leſſer Wheel included in a greater is ſo moved, that in it 
the motion of the Centre is greater than the motion of the 
Orb. 


Þ** while the-morion: of. the Orb is made through the whole 
quadrant F 4, the mation of. the Centre is made through 
the whole right line O V, which certainly is greater than the: 
arch of the quadrant. F- 4. In like-manner the motion of the 
orb through the quadrant 4. G,is leſs than the ſame motion of 
the Centre O V ; But how each point of the quadrant 4 G an- 
{wers each point of the plane G P, upon. which the quadrant 
of the leſſer wheel. is underſtood. to move, when the plane is. 
greater than the quadrant, is that famous difficulty which ob- 
rains the name of Arifotle's Wheel, becauſe Ariftorle hath pro- 
poſed it in his-2.47h. queſtion of Mechanicks, which Blancanus hath: 
explicated, and Merſennus, Galileus, Cabens, Fabrus, and-0thers 
have expoſed. to view. F —” 


FRO FOS IV. | 

The difficulty of Ariſtotle's Wheel, zhat is,. the motion of the 
lefſer Wheel when this is diretted. by the motion FA the 
greater ,and the motion of the greater ;. when this is dired- 
ed by the leſſer, is beſt ſolved and unfolded from the. ua- 
ture of this Circular motion,. ſo far as Phyfically*tis com- 
pounded of many right lines. | We” 


" Et the Wheel be A CH, infiſting on the plane CE, whoſe. 
44 radiys is A.C, and. within, this. another lefler; ſuppoſe ir. 
lubduple, A D B is included, Whole radius ;is-A B; and let the 
ne Cioh , plane- 
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plane CE be equal to the arch of the quadrant CH, ſo that 
while it is 'turned upon the plane C E,-each point 6f the arch 
anſwers each point of rhe plane ; When therefore: the leſſer 

Wheel in this motion is carried away by force by the greater, 

ſurely the point D will come to F, when the point A will come 

to G, that is, the radius A D will meet with G PF. 
Therefore the whole difficulty will depend on this iffue, that 

B F will be double the arch BD, if ſo be the points of the 

arch B D ought ſucceſlively to correſpond with the puints of 

the plane,or of the line BF,or each point of the arch. B D anſwers 
each point of BF, oreach point of BC anſwers two of B F, or 
the altern points B F by skips remain wholy untoucht; for neither 
doth any thing elſe ſeem toremain which can be ſaid,in truth none 
of theſe ought tobe ſaid : For if itbe faid in the firſt place, that 
there is ſo many points in the arch BD,as there are 1n the line BF, 
which cannot be. faid,fince this is doubly greater than the arch : 
Bur if it be ſaid ſecondly, that each point of the arch B D cor. 
reſponds to two points of the line B F, it follows that the plane 
CE, is double the arch C H, when notwithſtanding they are 
ſuppoſed equal; for when the points B C, are in the ſame 
radius A C, if the-point C touch the point of .the plane next 
following towards E, it will not be perpendicular to the plane 
'CE. Surely A B when it touches the point of the plane B F 
in B, and is perpendicular to the plane, alſo A C which is ſup- 
poſed a right line will be perpendicular to the plane C E, which 
1s parallel ro the plane BF: Therefore it toucheth not the 
plane in any other point than in C,which if it ſhould rouch it 
would be -al{o-in the-other- next following potnt ; therefore 
every point of the. arch CH, touches two points of the plane 
CE, therefore the plane C E will be double the arch CH. 
Moreover it cannot be ſaid thar the altern- points, or cvery 0- 
ther point of the plane BF, are toucht as it were by leaps, and 
not the other intermediate points, for ar the ſame time in which 
ſome: point of the plane CE is roncht anſwering the untouchr 
poinrof the plane BF, ſome point of the arch B D without doubt 
-touches' the plane BF, therefore it touches the point of the plane 
BF,which correſponds to the point toucht by the greater Wheel 
in the plane CE, for if ir ſhould not touch the Centre A, oughr 
to be elevated above the line A' G,and conſequently the greater 

: Wheel will nor touch the plane C E,which is agaitiſt the fuppo- 

{1tion,; therefore no point of the plane BF remains untouchr. 
| More- 
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Moreover this difficulty hath great force againſt thoſe authors 
who affirm that a body may be compounded of Mathematical 
points, whether finite or infinite, as'may appear to the conſide- 
Tate, Concerning which T ſhall ſay no more at rhis time. 
Neither can it be falved by thoſe who admit proportional 
parts to a& infinitly ; for while they ſay the point of Contact 
may be made in an'undetermined part they ſpeak unconceiv- 
ably ; for ſince the point of Contact is real and fingular, I can- 
not ſee. how it can be indeterminate, : which if it be determi- 
nate, : that is, in this place and not in another, than it becomes 
determinate in this parr, and not in another; -moreover 'ris 
ſomething which touches diſtin&t from all that which touches 
not ; but to touch, and not to touch, are contradictions, anc 
how can that be ſomewhat indeterminate from all that it ronche., 
not ? Add, that there is no part in the plane B F,., whether, de 
terminate, or indeterminate, which remains untoucht ; - hoy. 
then does each part of the arch B D anſwer each, part.. of the 
Plane B F, when there are as many more in thar, as-in this? 
Some recur to the greater velocity whereby one Wheel is 
moved than the other, bur if they ſpeak concerning the motion 
of the Centre 'tis falſe, for there is one and the dame Centre 
A to each ; but if they ſpeak of the motion of the orb they do 
not evade the difficulty by that, for the queſtion 1s, why the 
arch BC although it be moyed flower than the arch CH, 
nevertheleſs it is meaſured by an equal ſpace, which ſucceſhve- 
ly touches the whole. " 
. . Father Faber recurs to the incammenſurability of the. plane, 
to wit, | of a right line with the arch of a Circle,for he fays, that 
alchough the right line C E be ſuppoſed equal-ta the arch CH, 
notwithſtanding they can by no means agree, howlſoever they 
are divided ; but I ask whether they conlift of an equal number 
of points, ſurely ſince they are equal, they mult ar leaſt con- 
fiſt of an equal number of points, ro wit, of Phyſical ones ; 
Or then all are touchr by the arch BD, or ſome remain un- 
touchr, and ſo the difficulty returns : He ſays, the points of 
the plane B F are right, or ſtreight, but the points of the arch 
B D are crooked ; and although a right point be equal to a 
crooked point, and alchough one whole point is toucht by. 
another point, yet notwithſtanding they are not toucht alike, 
becauſe the extention of the . one is not analogous with the 
£xtenſion of the other, and he alleadges an example. h 
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It may be objected againſt this explication in :the «firſt place 


freely, that each Phyſical point-compoſing a Phyſical-and real: 


plane may be made ; BF is a-right. line; -but each point com- 


poſing the periphery of theWheel,or the arch BD,or- 


Fig. 111, CH is crooked, for why. cannot the ſame points of* 


plane, compoſe a crooked 


plane? Moreover, when a-rod of. 
Tron, or a plate of metal is made crooked by.bending, are there- 


not the ſame points,if not more,in thecrooked plane after bend-. 


ing, as was in it when it was a ſuperficial plane? Secondly; alſo. 
if we admit the points BF to be plane, and the points. B D to- 
be crooked, and: fo: thefe touch not in an adequate proportion. 


each point of the plane .B.F, nevertheleſs are there not little 
vacancies between one crooked point and another, 'which for 


*% 


% 
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that cauſe leave untoucht the points of the plane: A, B, C, &c?- 


Befides;that thoſe 'crooked points touch nor adequarely, to wit, 


in. all: their virtual parts the plane points A B C, doth not cauſe 
that in each inſtant wherein the Wheel. is. moved by the mo- 
tion of the orb, the new crooked point of the-Wheel: ought: 


nor to: anſwer to the new point immediateatly. next to that 


ef the plane; if ſo! be the- point of the Wheel: is equal ro-the- 


point of the plane. © 


The fame difficulties occur if the kſſer Wheel- be concieved: 


to be ſo moved, that its. Periphery be equal. to the ' plane on 


which it infifts ; for then the greater Wheel. will be ſo moved: 
that its Pheriphery will be double of the other plane which it: 
palles. over ;, as if the' Wheel A-B-D be-+turned: upon the 'plane 
31; and ſmce the arch'B.D'is:equal-co-the plane B I, che pcinr 
D-will arrive in-T;, for then the ;point. H- of the greater Wheel: 
_ at the the fame time will. arrive in L, when notwithſtanding. 
the: arch. C: H: is as. great again as. the plane C L ;. wherefore 


i £ 


» 


- 


each point. of the plane C'L. ought to-an{wer tro two points. of: 


the arch- CH: aus 


* Befides''in this motion, to wir, when the motion of the- 
greater Wheel; is govern'd by the motion of the lefler Wheel, 
omethings happen yet more fingular ; for in the firtt. place, 


x 
* 
- 


fome- points of the greater Wheel. go. backward, as you may. 


ſee after,that the Centre of the Wheel A is come to K, and the 


point. D is come to. I, the point H will be in L, and-. confe- 


quently go-backward: In like manner the point of Contact C. 
goes backward: after: thar. *tis.. come.to M, and.conſequently - 


all. 


d F 
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a1] the points of i the Quadrant'C H go backwards,: 'but” ths 
middle point R, chiefly goes backward moſt of all, for ir goes 
down from R to S as appears, but the other points 'go' back- 
"ward here and there leſs and leſs ſucceſſively, O_o 
Secondly, ſome points neither go forward nor backward, viz. 
in the end of the motion, when the point H comes to L, 'tis 
diſtant the ſame meaſure as before, from the ſame term, viz. 
from the line C N;; So the point X will be'inZ, and the point. 
Y will be in V, and ſo in the end the motion gains nothing 
of ſpace towardsP ; notwithſtanding *tis to be obſerved, that 
thoſe two points ſometimes go forward and ſometimes. back- 
ward, ſo the point X in the beginning goes forward but after 
wards goes backward, bur the' point Y in the beginning goes 
backward, and afterwards goes forward, but becauſe they go 
back the ſame ſpace as they go forward, they acquire no ſpace 

in the end of the foreſaid motion. | | 
Thirdly, all the other points of the arch/'Y Q N'X- go for- 
ward, that is, in the end of the motion they have acquired 
{pace rowards P; ſo the point N'will come to P, the: point Q 
to QO, the point T in b, &c. nevertheleſs all theſe points:go not 
always forward, as appears from what's ſaid inthe 2 Prop. bur 
decauſe they go forward more .than they-go. back, therefore 
in the end of the motion, it appears that they have gone for- 
ward ; In'like manner we will fhew,- that thofe points which 
are in thearchXR Y, and which go backward; do nor con- 
tinually, or always go backwards,:;but their going backwards: 
appears in the end only, becauſe/they':go back more than for-. 
| Thele things being noted and: obſerved, it will nor be hard. 
to explicate all thoſe motions according to our doftrine ; for to 
that which is the chief head of the difficulty, we fay we oughr 
not to Conſider that mixt motion, to- wit, of the point H 
( while the whole arch C H, paſſes over only the ſpaceof the | 
plane CL Þ as one only and fimple motion, for it is really 
many and various, for as much as 'tis compounded Phy tically, 
of many right motions, to wit, 'tis compounded in the firſt 
place, from thoſe right motions which compound Circular 
motivn, then *tis compounded of thoſe and of anether right 
motion, becauſe the ' Centre A, common to: each wheel 1s 
moved : From whence it comes to paſs, that the point H, in 
the motion of the orb from H to C, while it goes backward 

X 2 _ together 
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together alſo, while it goes forward, 'tis catried by rhe centre 
A, and as it were carried away by force towards P ; notwith- 
ſtanding it doth not go forward and backward, in the ſame Phy- 
ſical inſtant, as Father Cabens contends for in-his book of Meteors, 
( for tis impoſſible for the ſame-movent; to be moved by two op- 
poſir motions together ) but fo that fome Inſtants it muſt gofor- 
ward,and in others backward, which muſt needs be ſaid of ſome 
points, as X and Y, as we have obſerved before, to wit, if: the 
whole time, in which the point H is. moved, from H going 
down to L, be ſuppoſed to be 12 particles, we ſay, 'tis moved ; 
for example, 5 of thoſe parts . by a right motion from H, or 
from A in P, that is, by ſmall parallet lines of A Þ towards. P ; 
and the other 7 particles. to. be moved in the oppoſite part in 
going backward, from whence it comes to paſs, that when the 
regreſſion is greater than the progreſſion, in the end of the 
motion the regreſſion only appears, to wit, when it comes. 
in L, and becauſe thoſe particles of time wherein ſometimes ir 
goes forward and ſometimes backward, in each ſhort time are- 
almoſt innumerable and inſenſible, becauſe of the brevity, and 
makes the progreſſion and regreſſion by turns, any motion 
and time being aſſigned will appear only in the end of the pro- 
greſſion if it be. greater, or only in the regreſſhon if the pro- 
greſſion be leſſer. 

Hence you ſee nothing hinders bur that the points of the 
plane C L, are in number ſubduple of the points of the arch: 
.C H, when notwithſtanding, that axch pailes over only that 
plane CL ; for by the merhod explicated by us, doth two: 
points of the arch very well ſuccetlively touch one and the: 
ſame point of the plane, -to wit, if. in the firſt inſtant the point 
C of the arch C H, while the arch D 1. carricd by the centre- 
A, touches the point of the plane C, which in. the anticedent. 
inſtant it touched not ; and in the ſecond inſtant, another point 
of the arch nexr to C, touches rhar ſame point of the plane C, 
while the motion of the orb goes. backward, and, as I may fay, 
creepeth upon that point C: Then again in the third inſtant, 
the third point of the arch rouches the ſecond point of the 
plane, and in the fourth inſtant, the fourth point of the arch: 
creepeth upon that ſame ſecond point, &c. . 

But it may be ſaid thar cannot be, becauſe the centre A. 
ought [3 aſcend upon the line P A, I ſay, this is abſur'd, if the: 

? | MOTION: 


i 
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motion and the circle be conſider'd Mathemarically, but not if 
it be conſidered Phyſically, for it aſcends and deſcends always 
inſenſibly ; and that by ſome ſmall part of the plane only, ard 
the compreſſion and tenſion of the wheel, without which ir 
cannot be Phyſically moved upon the plane, as will clearly ap- 
pear from what follows. a 
Therefore all occaſion of Error proceeds ftom this, that they 

would apply to Phyſical motion and Phyſical quantity, a mo- 
tion Mathematically conſidered, or quantity and the nature of 
a Circle, which is not given after a manner conceivable ; more- 
over they conhfider the motion of the point H, by the crooked 
line from H in L, all one as if it were one only motion, when 
notwithſtanding 'its manifold and divers; like as they conſi- 
der, for Example, the form of mixt, as it were one f1mple form 
diftin& from the forms of thoſe Elements compounding the 
mixt, when nevertheleſs *'tis not fomething abſolutely diſtinct 
from them, but only in the manner as I ſhall ſhew in its place; 
wherefore alſo that mixt Motton may truly be confidered as 
one ſimple motion by one only crooked line, becauſe the re&i- 

rude of the {mall parts of which 'tis compounded is not ſen- 
ſible, like as the leaſt particles of Elements are not ſenſible in. 
mixt ; bur notwithſtanding 'tis truly compoſed. of the motion 
of the {ſmalleſt right lines, fince in nature there cannot be given. 
a morion perfectly circular, as is ſhewn before. 


—_ mn Wi —— ——— h_ 
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PROPOS. V. 


4 Globe, or Wheel, while tis moved upon a plane, whether 
Horizontal, or inclined, is moved by a mixt motion ofea 
circular and a right, and is determined according to a 
circular motion from the impediment which is in the con- 
tat of the plane on which *tis moved. 


FO O—e— 
. 


Fig. 112.F*Hat 'tis moved with a mixt motion, appears from: 

- What hath been ſaid.; and that the circular moti- 
on about rhe centre arifes from the impediment in the point 
of Contact ; to wit, from ſome reſiſtance and rubbing, of the 
plane is proved, becauſe the circular motion is not the natu- 
ral by Prop. 4. Therefore it ought to. ariſe from ſomthing with- 
Out ; 
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out ; but circular motion as ſuch, is cauſed-from impediment 
only ſucceflively determining new Impetus's by new tangent 
lines ; bur in our caſe when the - centre is not impeded, but is 
alſo moved, it cannot be an impediment to the centre, nor to 
any thing that adhears to it, ſince nothing there is without ir, 
therefore 'tis impeded from the plane only. Secondly, 'tis 
proved, becauſe if any onepuſh forward the Globe A by a puſh 
tending from C to D,.in a line parallel ro the plane BE, the 
Globe nevertheleſs is rurned on the plain while-it goes forward 
in E, but 'tis rolled in vain, unleſs it ſuffers ſome refiſtancein 
the contact B; for why is not. the whole moved by a right 
motion, if ſo be its impetus is impreſt by a right line, and pa- 
rallel to the plane BE? 

You will ſay 'tis eafily moved, if ir be moved by the mixt mo- 
tion, from the right motion of the Centre and the circular of 
the orb, bur why is it moved ſo eafily 2 Moreover the Centre 
A, doth nor more approach to the Centre of the Earth, by this 
that the Globe is moved circularly, for *tis always diſtant 'to 
the Semidiameter AB, in the Horizontal plane BE: And the 
impulſe when ir is by the right line CD, is eaſter deftroy'd if 
the Globe be moved by the morion of the Centre, together 
with the motion ofthe orb, than if ir be moved only by the 
motion of the Centre ; yea, tis eaſter deſtroyed if it be moved 
by both motions than by one only ; bur chiefly becauſe the 
motion of the orb is not meaſured from that Impetus by a right 
line. but only by the motion of rhe Centre. — | 

You will ſay, when it deſcends by an inclined plane, it de- 
{cends eaſily, if ir be moved together by the motion of the orb: 
For ſince in this caſe the Centre of gravity is without the line 
of direftion towards the end of motion, 'iis determined from 
irs Centre, or from its gravity to ſuch motion. 

I anfwer, neither in this caſe ought the motion of the Orb 
to move, if there be no reſiſtance of the plane, for rhe reafons 
are muſter'd up; for þy this that "tis moved with 4-ctrcular mo- 
tion, it comes not nearer the centre of the Earth, nor to the 
end of motion, for by how much the motion of the upper 
points are accellerated, by ſo much the motion of the lower 
Ppoinrs are retarded by that motion of the Orb, as appears by 
what is ſaid ; therefore ſuch motion is in vain, when no 1m- 
pediment is taken away, for I=p-t#s aCts only to take away 
-impediment, as-is often ſaid ; therefore if theie be no Lee: 

| IMENT 
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diment in the point of contatt, why doth the Globe always 
inſiſting in the ſame point on the plane, creepnot onthe plane ? 
Doth not the zperus's, whether they be violenily impreſt on 


-the Horizontal plane, or by their natural gravity on an ineli- 


ned plane, obtain their end in the fame manner, yea, catier, as 


3s. ſaid ? 


Surely if a Globe be ftript- of all gravity, and then receive 
fome. impulſe from: withour by a right line, and ſhould this 
Globe be in a vacant place, 'or: in fach a place wherein it fut-- 


 fers no-reſfiftance to motion, or no more in one part than in a-. 
nother, there would be no reaſon why. it ſhould .move by the. 


motion of the Orb, but it would be moved or ly by the mo-. 
tion of the centre, by a line determined from the impreſt 1»- 
petus, whatſoever the fame be, whether Horizontal, or inclin- 


*d; or Perpendicular ; for why. thould it rather move 1n cne. 


part than in another. 

You will ſay. from the. foreſaid Experiments, that -whilea : 
Ball is thrown through the Air, 'tis moved with a double mo- 
tion, to wit, of the Centre, and alſo of the Orb.; and yet in. 
the Air, there is no rubbing or ſcratching with the plane, nor 
no impediment; yea, it feems, if the reſiſtance which is of. 
Air, *tis equal about the Ball, that rherefore.it ſhould not. move.. 


rather in one part of motion of. the Orb than in anorher. . 


I anſwer, the Ball-thrown is often ſo thrown, that ar the - 
fame time wherein the Impetus is imprinted before 'tis ſeparated : 
from him thar throws it, 1s not imprinted by one right line on- - 
ly, but many Imperus's are imprinted ſucceſlively by many lines 
which - compound ſome crooked line, for the Arm,: or. that 


' Which caſts the Ball, ' while it caſts ir, is not- moved. by .a right. 


motion, but by. a circular, that is, the Ball being ſeparated - 
from the Arm, while thoſe 1mperus's are propogared in it, and : 
new ones produced by the ſame lines, the Ball muſt neceſlarily 


-be rurn'd round about its centre.Hence ir is that .oft-times alſo a. 
Ball is a little rurn'd about its.centre, if it be caft by one con- 


tinned impulſe by a right line, . as you may obſerve: Beſides 


that 'tis always bur little turn'd, becauſe *tis never made fo . 


Spherical and perfe&, bur the Air reſiſts more one part than a- 
nother ; add, that. if it be nor truly. Homogemous, or.. all. alike, 
{0 char rhe centre of the figure altogether agrees with .the cen-. 


 rce of gravity, ſince ir can ſcarce. be caſt by. that preciſe line 


which joins each centre, if it be. nor caſt by this line, and Tm : 
| | Q ; 
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ſo that the centre of gravity be right before, and preſently is 
{ſeparated from the Thrower, or likewiſe if it be let drop free- 
Iy, and falls from on high, it turns it ſelf until the centre -of 
gravity be placed in the formoſt part of the line of DireQion, 
and ſo it contains the impetus of rotation which is likewiſe pro- 
ſecured towards that part : And this is the reaſon why things 
thar are thrown,or Caſt through the air, aremoved with a mixr 
motion of right from the Centre, and of mixt from the orb, arid 
alſo of thoſe that fall of their own accords ; hence a Cylinder 
whole heavier part declines downward, while it falls of its own 
accord from on high, is notturned abour the Centre,but ſome- 
_ about the axis, from the unequal reſiſtance of the am- 
bient air. 


4 FRUPFDUSs vh 


In the deſcending of heavy bodies on an inclined plane, or | 
through the free air, the motion of the orb, hinders not 
the motion of the Centre, 


>PTFIS proved, becauſe the impediment which determins the 
| Circular morion in the Globe, is not in its Centre, but 
In the Periphery, to wit, in the contact with the plane. or in 
che contact of the ambient air in that part to which the air moſt 
reſiſts ; and this impediment hinders indeed the motion of the 
whole Globe, ard at the ſame time determines in it. the Cir- 
. cular motion ; but that circular motion hinders not,nor retards 
the motion of the Centre, which is 4ike manner tends down- 
wards, Whether the Globe be moved circular or nor. 
Hence one impetus deſtroys not another, unleſs when the 
impediment of the motion of the Centre deſtroys the natural 
impetus, and the inclined plane, or the air while it hinders 
the motion of the Centre, ard deſtroys its natural impetus, 
. produces according to-the laws of reflexion another impetus 
by the tangent, and when this impetus produces ſacceſlively 
a new one by a new tangent, it makes the motion mixt, or 
ey double, to wit, the motion of the Centre and of the 
orb. 
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And you may,obſerve.in motion on, an inclined. plane, not . 
only the motion of the centre to be accelerated, but alſo the 
motion of the orb, becauſe when the motion of the'orb is pro-. 
duced from the impetus, by the refleQtion from the” dire& 
impetus,if the direct impetus which moves the centre be. greater,” / 
the refleed impetus is alfo greater. PO 0 TOONS 119-1 

Alſo you may obſerve in this motion all the parrs'ro move. 
with unequal motion,as may be gather'd from ' what has been 
ſaid ; from whence 'ris confirm'd again,that they are notmoved 
by an intrinſick principle, for this would be alike efficacious, 
or powerful in every part and ſo would produce an equal ef. 
4} Mad 619 TILED W Gait 

Hence you may gather the reaſon 'of the Experiments fol- 
lowing,. in which this. mixt motion. appears from the "right. 
and circular about the proper Centre, or Axis ' © 


Experiment. I. 


Play Boys make ſhort darts with a point, ir one end whereof 
there is a {lir cur, and paper folded like a fourfold wing; and 
put into it, while this quavers, or ſhakes, the-point' goes! be-/ 
fore, and the paper fo hinders the deflexion that *tis the cauſe 
that while the dart tends rightly ro the mark, *tis' turned' to-. 
gether about-the proper axis: The reaſon this: becauſe the 
air while "ris ftruck by thofe wings, reſiſts the'morion, which* 
otherwiſe would carry the dart, by a right line, and it Giiz-- 
vers to'and again and hits on the ſides of the Wings, and this 
certain trefleEtion together with the datt, is converted 'into'a 
Circuit, ſince this motion is ealy to the darr and hinders not” 


che right motion ; the ſame may be ſaid of an arrow. 


i. Ts REM —@£ WT ll a oelyrlt 
The like Phenomena you may obſerve in thoſe flicting: reeds; 
which Boys alſo play. with, for they fix 3 'or 4. feathers into. 

-waod, or a bony ſheath, which while they ſtrike the air, they 
force that wood or Cylinder to turn ir-ſelf about its proper 

Axis ; but if it be farniſhe with-qnly one feathet;, - this circutar' 
motion will not be ; likewiſe ifany feather be* broke;''or rior! 
enough fever'd from the other, the'circular motion ceaſes : Bur: 

if the feathers are much' ſever'd from each other, the morion! 

Y 47:43 21248 
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is ſlower, viz. as well the right motion of the axis, as alſo 
the Circular motion about the axis: And. the feathers. ought to. 
beſofitred riſingfrom the botrom: to-the top a little bent, and 
made crooked increaſing, the ſevering or. parting : The reed or 
little Cylinder of wood always goes Pefote in the motion, and 
the motion of the: Axis afcends more ſwift, and the circular 
motion about the Axis leſs. {\wift; moreover after the aſcent 'ris. 
turned downwards, and the Axis. deſcends with a ſlower mo- 
tion, than: before it aſcended, but with a ſwifter motion aabour 
the Axis: And the reed, or. little Cylinder, opght to be ſhore 
and weighty, eſpecially in the end. that goes. formoſt, and. the 
feathers muſt not be-too long. _._ EE. | 
Etke to this,.is that motion, which boys.running make with 
a double ſtick, furniſhe with a veil, and as it were a little mill 
rurning about the centre, which is. fixt to the moveable Staff, 
or Stick, for thoſe veils, while they run in the air concieve a 
converſion and circular motion, which is joined with a right 
_ The. reaſon of this iment appears thus, in the firſt place, 
that reed, or little Cylinder, furniſht with- feathers goes before: 
_ with a right motion, becauſe *ris heavier and endued with a. 
greater .impetus, and therefore leads the feathers whoſe motion. 
the,air reſiſts more, ; and in reſiſting it comes to. paſs that they 
_ are:refleted. from. themſelves, and ſo turned aboyt in a circuit 
rogether with the. little Cylinder. From the air then refleCting, 
the imperas. of the Feathers is imprinted . lucceſlively by anew. 
rangent,; and from this impetus the feathers are turned about, 
and with the feathers the Cylinder, or reed, but the Cylinder, 
or reed. turns not the feathers as a certain Author ſuppoſes, to 
wit, the right motion of the reed is. not retarded. immediately, 
but the right motion of-the Feathers, which becaufe they are 
light, have nor ſufficient Impetus to- overcome the reſiſtance 
of the air, but mediately. and conſequently the right-monton 
of the reed. is retarded, and determin'd. to. the motion abour. 
the Axis from the hike motion of the feathers; hence if by 
chance the feathers fall off from the Cylinder 1mm the way, the 
Cylinder or:reed makes a certgip longer ſpace; becaule it hath 
not.the impediment of the right: motion from the feathers, bur. 
as yet-'tis. turned about its. proper. axis for ſome little time by: 
the- circular Impetus preconcieved,..which is. not. preſently de- 
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7, 'tis turned about the axis to. that part, to whigh.My 
feathers ſuffer the leaſt reſiſtance of air, for if the air, ayþ 
equally, reſiſt all, there-is no reaſon, why, they ſhquld he.,turne 

rather in one part than another ; hence _ they, ought [tobe 
fitted, that they may Strike the air uncqually.; which. wal be 
if they are ſeperated or divided unequally; and they the, mo- 
tion about the Axis will be Swifter. i, if 44 
_ _ Thirly, one feather only will not do. becauſe jr, hinders, the 


= 


motion bur-lictle, neither is there in it an unequal xeſfiftange. of 


the air, .of which I ſpake; wherefore there/are required za 
feathers at leaſt, but three are better, becauſe they leſs hinder 
the turning about the Axis. SET NE ARE 
Fourthly, if the feathers are not {eperated, the reed is-turned 
about the Axis little or nothing, becauſe, the. aur. reſiſts them 


* 


bur lictle; bur if they are much ſeperated, 'cis- moved flawer * 


by the right: motion, or Axis, but {wifter by the motion about 
the Axis; notwithſtanding if they are too; much; ſeperated, 
the motion allo about the Axis;is flower, becauſe:too0 much re+ 
ſiſtance of air retards or hinders. each motion ; whexefore; the 
feathers ought to be fo fitted, that they do! not /impel therait 

with their whole ſuperkicies, but divide it by. the edge ;as it were 
C6) Curt if. The es I on Tens 


 Fifihly, if the feathers are /fated in a right- manners. that: they 
be-neicher roo much ſeperated, nor. too-cloſe, but a little-bow- 
ed, with a moderate and unequal reſiſtance of air which their 
edges divide; then the motion of the reed about the Axis.isnot 
only, ſwifter, bur alſo; the reed is projected farcher, ;hecanfe 
the feathers are-mare eafily broke off fromthe reed, and a Jic- 
tle reliſtance of air with ſome inequality ſuffices, ro the mation 


& 


of turning abour the axis, ſince: this;motion is eaſy. ,;, -: 
Sixthly, It aſcends {wifter while 'tis gxtended, than it de- 
ſcends afterwards, as appears clearly; from whence. that js 
confirmed which 'we have . ſhewn before, \that-heavy. things 
naturally deſcending. do nat ingreaſe, with) the: fame-kind.gf 
velocity, whereby. the. velocity, of the ſame things caſt orchrawn; 
decreaſes while they aſcend, and — both in the;-afcenc 
and deſcent, the reed, or cylinder, ,goes.before the: motion. of 
the Feather ; hence while jt. algcnds, becauſe the Þnpetrs in the 
beginning,is greater of. the Feathers, which are flexiple: whulc 
they ſutfer the reſiſtance of the, Airy: they, contract, themſelves, 
whence ' it comes to pals that. they:cut- the Air the eafier, and 
| Ta _ therefore 
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therefore the reed aſcends the ſwifter, but *ris leſs ſwiftly | curn'd 
abour the Axis; but: while ir deſcends, vant it 'acquires'a 
Ielſer Ipi ths, "the Feathers mniake's greater fpre 

oye" oftner-abour the Axis. * 

: Seventhly, If the Reed be' lighter, fir cannot contain tb much 
Im petivs, | which eaſily overcomes the reſiſtance of the Feathers; 
wherefore that it may hold our at" length, ſo much impetus is 
required, that -the- Feithers | cannor draw themſclves, unleſs 
from'# Stear reſiſtance of Air: they happen. to be very much con- 
trated, *whicty While they are, it Cannot be 'moved about the 
Avis. =8 
Eighth If it be wr, * tis harder murn'd round the Axis, 
becauſe it eaſily ſhakes to-and again; but the Feathers cannot 
together bindzr the — and impreſs the circular 7m petus. oP 
apr ſhaking. - 
 Ninthly, If the: Feathers are Jonger *than' teedful; they hin- 
der the right-motion, or if they are likewiſe to0 broad; or too. 
muck ſeparated, 'or if they'are'too ſhort, and much contrated; | 
they are-not determined to motion-about the Axis, for the rea- 
ſons aſſigned ; whetefore care muſt-be taken, as. well: ro the 
tength'as the breadth; and ſeparation: refpeRively to each o< 
ther between themſelves, and to the gravity, .or levity, length, x 
or ſhortneſs.of the Reed; or Cylinder. 

-/Tenthlj and Laſtly, the motion of the bearing, and about the 
Axis is rmixt of a triple motion, one whereof is from the vio- 
lent- Impetus while it aſcends, another from the gravity, and the 
third from 'impetus-by: refle&ted motion,” ſuccellively by divers: 

ents whereby the circular motion'is  effefted:; and-from all 

ſe motions,” reſiilts* the ſpirab morion 4s is manifeſt, and a 
ſpire is conceived! abour'a vated Cylnder, which poſleſſes. 
ch whole place- of ar, or "this hows which the Reed ſucceſſive 
of DcCupies. + '' - 

Hines ris; eaſy th 
links Nc ro dofories on each poine” of the Reed and Alſo. 

ofthe Pealiers 5 p in which allo! ſame- trembling, motion always 

interveries? * 

*Alo0'a' Ad: appears of "wy motion-of the double aff CO-. , 
vercd with-+the- vetl, which-i&rorn'd- about circularly; while & 
i the interim 'tis conveyed: by b- rToht motion Horizontally by 

boys, 'as- they rin ;- abfo ithar motion 'is 'manifeſt ro be ſpiral, 
a ; which" hach Spin es more! thick and: cloſe, i in Which *tis moved. 
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mare ſwift about the CAOLTE, and: Gower, * the motion. of the 
Centre. PITLLAS OUS ©) 1151 
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4A = may be given why a Jittle Wheel, Or: little Globe: 
being preſt againſt 'a' Zable, is firſt thruſt forwards; bat | 
dftermards turns it ſelf back again upon 1 the T, able. ff Hoſts þ 


FE 
w $.4 —_ 


He reaſon is, becauſe while *tis firongly preſt again the 
Table under it, this reſiſts that in the poinr of contact, 

and while at once the Impetus IS: impreſt forward: by the rerraQti- 
on of the Finger, new ,contacts are made 'in other 5gints' ofren 
times, that therefore it conceives 4 circular motion-Cont Tary 
to that whereby 'tis moved, if the Impetus be only impreft for- 
wards Horizonrally ; hence * tis, that While it runs forward,. at 
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_ ar ampotne continues, whol Ee: & fect his 
can.it'be obtain'd. but. that it. Bauſt 1Hi 
"tis n9: wonder thar.it retroceds.. 
Therefare 'ris falſe, that any impitye Sh Baie LA our. | 
the motion which exacts.it, as Father "Cabens-* would have i it ;. 4 
for a little Globe, or lictle, Wheel, is always moved” wich s A Cit, 
cular mqtign- 2bour. its. gentre towards. the, extrade , 1, the 
ſame time. wherein the-motion of the centre. tends f ra rwar, ds; 
yea, 1. haye, obſerved diligently, chat. if ſometimes. one'totich. 
A Globe while ; it.runs. forwards, it will not role. about its pro-- 
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Per centre, tit Creep upon the Table, which it always tot 
—"_ in the ſame point, then the Globe reflects not, nor ou | 
And 'tis to be obſerved, that while the Glebe tends fop- 
wards, the motion about the centre is weak and flow, to wit, . 
becauſe the right motion upon the Table in a manner reſiſts the | 
Contact, for..ir drives out :the motion -abour the centre.into 


_ the, qppolite. party. t9 wit,. forward ; but. the impetus ceaſing, 


whereby *twas moved forward, the impediment of the motion 
about the centre ceaſes, yea; it acquires a new determination 
to this motion, to wit, from the reflection. of the planes reſ1- 


ſtance. 


. This reaſon afli gned by us,. appears not only from this, that, 
as I Taid, the Globe is not. rofled back again, unleſs it be rolled 
about the' Centre alſo, in. the ſame time which ir runs $ forward); F 


but-alſo from this following experiment. 
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Experiment Hl. 


C 


” Fig.  Glafp the Globe A, FN with your - Fingets. about 
I jel dh4'the other oppoſite ro it; rhyr you way! itiprine 
& circular zzperus abour th6fe Poles; 'or about AH ere 
6, iis | vet from E through, H to G;; "and at the faine time; 
th Chobe TGA the Air,' fo that it goes by the Aine E F 
_ thn apon the Horizontal plane ih oy if that motion'a- 
out the a pf ſwift Hroully eithi It will ſtay inthe -pomr-of 
ont oneaer "4nd yer it will be, rurn'd abour'for' ſometime" up- 
fi the. Ais'f go 3 47 tak D in'B, or 'alf6 many flmes "tis 
everted from B'rowards 'G upori the plane';  ) where iCappears, 
nh fo much as" the "Globe i bl  Hetermnin' d to the motion of ro-- 
ng! back, a gn. upon 'the' Table, or Pavement, after thar 'ris 
$ ſ or thor Forward through the Air,” in fo.much 
Pr. Ti. Fs ic hath the tmotion abbur che Centre, while ir 
\- *.2.5- 13, DOINE fron h the Air; for''from 'this'it'is that 
thi 7mpers being deft Toyced, by which it tends forwart, while 
the Fi {TG Vie Bip, avement, 'ris necefarily from thence re- 
flected back, apa 'the Globe projected in the Air, pro- 
cp by NA BED: and -in' the-mean” while 4s turned 
B RE CD about the Centre C, while it-rouchies the 
pi nent E' Din Dy, according 't0' the laws of reflexion-it 
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with fo much impetus awDI; but if-that impetus;be ſmal, 
even as tis when the line C D comes: near t6 the perpendi+ 
_ cular CL) and the impetus whereby /tis moved about the Cen- 
tre be pretty ſtrong, this-prevails over that, /and, while it. per- 
feveres: the Globe muſt needs role: .townrds;-E uvpon:.the Pave- 
ment ; hence ir: does not .always:go back,!:but only jhen when 
the motion about the: Centre 15iwift, 50d: talls; upon the 
pavement” by -a line 'which: approaches:-niare tO 4/ perpendt- 
cular. pt | | | | OF SIE 9ST POET AO _ 7 
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The motion of a Rope,or of a Ball,or Globe, faſtned to the end 
of a Rope about a Cylinder, is a Spiral motion compounded 
of -many Circular ih, oe 


'CPiral motion. is divided into:many kinds, one whereof 3 
I when the 'motion is; made: -about' the ſame, Cylinder, fo 
chat the circles are always <qual, and this'is , mixt of ,circular 
only. and right :. Such as we {aid was. the motion: of the reed, 


or Cylinder, furniſht with feathers ; and of the double ſtaff: 
provided with -a'veil, &c. and there is another Spiral motion: 
alſo, which--is: made about. the ſame firm centre, . but by cir- 
_ ckes or wreaths:enlarged or leſſkibed fucceGvely; more and, maxe.,. 
or departing from;:or approaching 40;the-ſame centre; morxe- 
.over there 3s another Spiral 'motion;;;in which.the wreaths are 
not only enlarged. or leſened ſueceflively,.: but, chey, likewife re- 
tire from the former centre, to 'wit, it always changes the 
centre, and this is mixt of many circular, and.of the right mo- 
tion of the centre ;. but the ſecond kind. of Spiralmo- 
tion is mixt of lefler circles only ſycceſſively;; the firſt Fig. 115. 
ſpiral motion is ſhewn by the figure'A.B, .the fe-. ,, ::; 
cond by the figure C D; the third.by the: fgure {EF. 
Theſe things being fore-known,. if we confider..the motion 
of-a rope about a Cylinder, whether the rope be turn'd about 
by the Cylinder by circles, having divers centres in divers 
points.of the Axis of the Cylinder, if it be, *tis. a ſpiral. motion. 
of the firſt kind.; but if the motion of any determinate: point 
in. the rope be confader'd, as for example, the er.d of theRope 
T9 - 


i 


— 
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or the :Globe-'annext' to: the! end! of- itz; then? ether it may 
16'be;rurned abour- by the Cylinder; that the ſame'centre al- 
ways remains in the ſame point cfi:the Axis, and then: it ap- 
pears, -that ſince the radius-is ſhortned fucceſlively, from that 
Globe is'made a ſpiral motion of - the-ſecond- kind, ;yvhich . is 
compounded of citcular morion- only, for there: may: be :per- 
ceived {o many-circular motions, althoughinot perfect; : as there 
are wreaths, 'or rather ſo--many new determinations to new 
Circular motion, as there are conceived Radius's one {ucceſlive- 
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ly ſhorter than another ; or, it may be ſo turn'd. about by the 
Cylinder, that the centre is changed ar once,-and-then-the-mo- 
tion of the Globe, or.the end of the Rope, will be a ſpiral mo- 
tion of the third kind, ſuch as may be conceived to be made 
about the Cone E F, from F in E, which appears to be mixt 
from a right motion of the centre, through the Axis of the 
Cone, or Cylinder, and of many circular ones intelligible by 
Sence ; for it cannot truly be ſaid, that there are many- circu- 
lar motions, fince none makes a perfect circle, yea, no part of 
thac ſpiral line 1s part of a circular line , bur if it be taken as a 
fmall part, *ris'a- right line from what hath been ſaid before. ; 
If as a compounded part, it conſiſts of many right lines, viz. 
-of many Tangents, yet not of the ſame circle, but of divers cir- 


Cles as appears. = | 
_- Hence'tis, that if-a Cylinder be thicker, and a Rape of the 
ſame length being put'on it; 'tis cafier. 'and>with- ilefs:imprinted 
7mpetus tarn'd about by the Cylinder; to wit,: becaufe the:parts 
| ofthe circumference-of the ©ylinder are "thoſe: which: refiſt by 
impulſe by a right'line impreſt in the beginning; and by the im- 
pediment, - or a' certain reffetion, they'determine' tro new and 
new lines oftentimes; and by how much greater the:circumfe- 
rence is, by ſo-much the leſs frequent is that new determinati- 
on, as appears-from What has been faid;iand -fo' rhe. kfler im 
pitivs 38 deftfoped, -as that: which is moved by a-grearer circle 


1s leſs wearted'or tyred.':- : 


f oy 
» 


Secontly, - It: appears*why a Globe doth 'not aſcend, nor is 
turn'd abdut-by a Cylinder, ' if the impetus be roo weak. in pro- 


portion to the thickneſs of the Cylinder, or to the length of © 


the Rope ; for although' ir be ſo.great that a rightline could af- 
cend tothat height, yet while ir often ſuffers reſiſtance by re- 
flectiens and new determinations, - 'cis much abated. 


Thirdly, 
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Thirdly, it it be once rurn'd abour, it effeRs all the reſt of the 


rurnings about eaſily, becauſe the circles are ſucceſlively leſſened, 
and ſo the motion is always leſſer, when notwithſtanding the 
former impetus perſeveres almoſt the whole time: For if once 
the imprinted impetus decreaſes leſs than the wreaths decreaſe, 
one of the greater wreaths being finiſh, the-other lefler are alſo 
eaſily and therefore ſwifter accompliſhr, and the velocity is 
increaſed proportionally to the leflening of the wreaths, nor ab- 
ſolutely but comparatively to the remaining impetus, ſince alſo 
here, as is ſaid, 'tis decreaſed or leſſened ſucceſſively, notwith- 
ſtanding leſs than the wreaths ; for if the wreaths and the im- 
_— were leſſened equally, the motion would not be quick- 
ned. 
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 PROPFOS W Ms. 2x6; 
If a Globe,or Wheel, be moved and turned about on a crook- 


ed ſuperficies which is immoveable,it makes a mixt motion 
from a double circular. 


_ —_ - 


$$ the crooked ſuperficies be A BC, upon which the Globe 
KL 1 BD is turned towards C; while the point E comes to F, 
the Centre of the Globe H comes to G. For the Centre alone 
is moved only by a circular motion through the arch H GI; 
bur all the other points of the Globe are moved circularly by 
the motion of the Centre, and in like manner alſo by a circu- 
lar motion about rhe proper centre, Or Axis. 

But 'tis to be obſerved, that this mixt motion may be confi- 
der'd divers-ways, for the crooked ſuperficies on which the 
Globe is roled is either convex, or concave; and- again, the 
Globe is turned either on a greater Circle, or a lefler, or an e- 


qual; if notwithſtanding the Concave be equal or leffer, the 


Globe,or Wheel, cannot be moved,as appears. 

Moreover, obſerve that the Globe B D, whether it be leſs, 
or equal, or greater, than the Wheel, or crooked Superficies, 
on Which 'tis moved, may be ſo moved that the Line of the 
move-ble Globe B E, which ſucceſſively touches the Circle 
ABC is equal to the Line BF, when the point E comes to F ; 
or it may ſo be moved that the line BE is leſter, or lafily, to 
that it be greater than BF. 
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to Mechanich Powers. Book' VII. 
_ Thirdly, the foreſaid Globe may be underſtood ro move by 
the motion of the Centre towards C, and in like manner by 
the motion of the orb cowards A, to wit, ſo that the point B 
tends 10. E and D, &c. and in .cach caſe the motion of the 
Centre may be equal.ro the motion of the orb, or greater, or 
.  _ eto 
Fuurthly, Note, that if Copernicus his opinion be true, thar 
the earth is moved with'this mixt motion, to wit, by the mo- 
tion of Centre through a circle of the greater orb about the 
Sun, and by the morion of the orb about the proper Centre; 
and the motion of the Centre ſhould be greater than the motion 
of the orb, according to the common opinion concernivg the 
Diameter of the great orb, which the earth runs through in:one 
whole year : Where al{o.obſerve, that every point of the ſame 
parallel Circle are moved with unequal velocity ; for whe- 
ther we ſuppole the motion of the orb and the motion of the 
Centre to be cowards the ſame part, ſuppoſe towards C, when 
the point E comes to F, and the Centre H in G, the point B 
will be inE, and the point D will be in L, wherefore the point 
of Contact B is moved {loweſt of all, bur the oppoſite point-D 
ſwifteſt of all; that anſwers to the 'NoQturnal meridian, this to 
the Diurnal meridian. Or whether we ſuppoſe the earth ro 
be moved by the motion of the Centre towards C, and the 
motion of the crb from B in E, D, &@*«. in this caſe the con- 
rrary happens, to wit, the point of (Conta&t B is moved {wifteſt 
of all, for it comes tro L, and the point D ſloweſt, for it comes 
twE; and theſe kinds of motion of divers points of the ſame 
circle will beſlower,or {wifter, according to the divers propor- 
tions of 'velocity of the motion of the Centre, and the motion. 
of the orb, nevertheleſs all will be by crooked lines, as appears 
by whar has been ſaid. a 
Fifthly, after this laſt manner, ſome Epicicles are ſaid to 
move by Aſtronomers, to wit, by the motion of the Centre 
ro the Eaſt, according tothe Series of the Signs, or, as they ſay, 
in the Conſequent; ſuppoſe the Certre C rowards A, and the. 
Supream point, or the Fianets Apogaum D, moved in the op- 
polite part hom Din E towards the welt, and, as they ſay, in- 
the Artccedent. 
Bur firce the-forcſaid motion. may be divers according to 
the divers m2gr:itudes, and proportions of the, Circles, it ap- 
pears LcVEiliekls frum the doftiane deliver'd betore, he the 
LNCS 
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lines of all the points deſcribed by the motion of any circle, may 
be-determin'd- howſe* ver-*tis- movyed- 0n-one-or another, which 
may be of great uſe in Aſtronomy. = 
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PROPOS. X. 


The Spiral motion of Spheres may be explicated, to wit, 
 whena Sphere is moved by a motion mixt of Right aud 
Circular, or of two Circular ones. 


Fig. 117 FE Or in the firſt place, let the Sphzre BC be moved by 
its centre A. through the right line A H, and at the 
ſame time turn ir about the axis B-C ; moreover every. point, 
except the Poles B, C, deſcribes Spiral lines, as if they' were 
Spires, ar wreaths, about divers Cylinders, abour the greater 
- Cylinder, truly the ſpire which ir deſcribes is from the point 
F or G, but abour the lefler, which is deſcribed from the point; 
next to the Pole C or B. Bur if it. be turned abour the Axis 
F G, or any other oblique, it will be another divers mixt mo- 
tion in diyers points, whoſe-lines may eaſily be-found by- the 
forelxid dottrine, | 

In the ſecond place, let the point G be moved through the 
arch GC, and at the ſame time underſtand it ro move abour 
the Axis B C;-1t will be a Spherical-Spiral- motion mixt of a 
double circular. _ 

Thirdly, let the ſame- point G be moved through the right 
light line G C, while *tis moved alfo abour the Axis BC; the 
motion will be conicaly Spiral, mixt of Right ard Circular. 

- Befides the Spheric Spiral motion, there may be-made another 
motion .Conoid Spiral, to wit, if a Conoid be rurn'd abourone, or 
about the other Axis, while its point: is: ſomewhat moved 
through a right line; and 'tis of a threefold kind, viz. either 
Eiliptic, or Parabolic, or Hyverbolic, as appears Dy Geometry, and 
from the Mechanick deſcription of thoſe figures. 
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PROPOS. XI. 


In the motion of a globe upon a plane, a three-fold motion may 
conjoined, ſo that it may be mixt of a Right and two Cir- 
 calar ones. ns | 


TY experiment appears from the game at Rilliards in play- 
ers balls, for while the Centre is moved through a right 
line, and the other points about the Centre, ſuppoſe in a ver- 
tical circle, if the globe either by oblique reflexion, or by a 
new impulſe, be never fo little turn'd afide about the Horizon- 
cal, or other line, it concieves another circular motion alfo- by 
that line, and ſo beſides the right motion of the Centre there 
is a double circular. And from this appears the reafon of the 
{aid plays; as for example, while the ball is moved-by the righr 
motion of the Centre, and by the circular motion of the orb 
rogether, if the Chord be toucht lightly 'tis- turned a little a 
fide and makes another circular motion, from whence it follows 
afterwards, that the leap decieves the' player, becauſe the new 
Circular motion acquires a new determination in the refleCti- 
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.A Globe, or ſuch like body, mnfiſting on a plane cannot move 

circularly about the Penpendicular Axis, unleſs at the 

ſame time it be imprinted by a double impetus in: oppoſite 
| parts. Fiz. 18. 


Er the Globe, or Top, ſuch as children play with of a 
2 Conoid figure be A B, reſting on a plane in the poinr B; 
and you would have it move about rhe axis A Bin an Horizontak 
circle C D : I ſay,it cannot fo move, unleſs all under. one it be 
imprelſt ; or forced by a double oppoſite impetus, one, for ex- 
ample, in-C towards the right hand, and the other in D towards 
the left hand part; the reaſon is, becaule if it be forced by one 
__ amperus 
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impetus:only it will be determined to one only right line, and 
ſince there 15 no impediment ſuppoſed, which may hinder the 
Globe that ir ſhould not be moved by thar line, it will be. 
moved by it, and fo be turned on the plane in; the vertical 
circle AC DB, but the top will fall ro that part rowards which 
the impetus is impreſt. Bur if at the ſame time another impe- 
tus be 1impreſt on the oppoſite part, when theſe rwo impetus's 
are not by the ſame line,bur by two divers lines parallel to each 
other, either may have its effect by chance, and when one at 
once hath the reaſon of the impediment with reſpect to the 
other, leaſt the Globe, or top, profecute the motion by righc 
lines, 'tis determined to circular motion, fer neither can thoſe 
wo impetus's obtain their effects any other way ; hence it is, 
that the top being taken by the head, or its end of the Axis A; 
and being caſt off by the fingers in contrary parts we - make it 
Spin, or turn in Circuits ; and it perſeyeres this circular :motion 
a long time, becauſe the impetus is not deſtroyed by the weighc 
ſince the top is in Equil/ibrio, but the only by rubbing with the 
plane, and from ſome reſiſtance which every moment changes 
the determination of the tangent lines; hence the ſmoother the 
plane is, and the ſharper the point of the trop is, the, longer 
time it ſpins, or profecutes the motion. worn 


. 
4 - 


But when we wind a ſtring . about the top, and retain'the 
other end of it in- the hand, and caſting it from us ir ſpins, 
then in like manner that double impetus happens in the oppo- 
ſite parts; for not only while the firing. D E unfolds, doth it 
draw towards us the point D, but at the fame time with the 
. fame ſtring we throw the top from us like a fling; and the mo- 
tion of the top endures longer being caſt in'this manner, by ſo- 
much as the 1mperus's are greater and the ſtring the longer, 
becauſe a power applied remains longer, and while the pro- 
jected imperus perfeveres the other impetus of the ſtring being, 
retracted in the oppoſite part, and hindering the_ former. im- 
perus, gives many new. determinations. to new'ahd"new ran- 
gents, | Yo tla” ONE BEN £2 
-* While the top is caſt, it makes a motion mixt from the right 
motion of the centre, and of the Horizontal circular, as appears, 
oralſo of another right motion which tends downwards. 
Secondly, when it inſiſts on a plane, if the ſame point on which 
it inſiſts be moved only by a circular motion about the axis, 
then 'tis- ſaid to ſleep, 'yer.in truth the motion. of the. ah * is 
DUT. 
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bur little moved abour the Centre of gravity which is in-the 
Axis.; but becauſe it either finds it on the plane, or makes 
hollow fome little trench of it {elf, ' this trench detains the Axis 
leaſt it ſhould '$o out of it, unleſs afterwards the Axis begins to 
incline more. h n 

_ Thirdly, thereupon it moves always by a motion mixt of a 
circular about the Axis, and of a Circular of the ends of the A xis. 
ſo thar alfo if any point of the Axis remain immoveable,yet the 
extream. points of the Axis deſcribe two circles, one in the 
plane, the other in the air above. _ 


F; 


Fourthly, ſometimes another motion of the whole Axis hap- 
pens to the foreſaid motions, which is carried about not in a 
perfe@ orb, but ſpirally, the Spires,or wreaths, ſucceſſively more 
and more contracting untill it begins to ſleep ; and this motion 
is always on that part ro which: the outer portion of the top 
by irs motion, is turned about the: Axis; ro wit, becauſe this 
Spiral motion. of the Axis is determined from the circular mo- 
tion about the Axis; you ſee therefore many motions in a top, 
one about its Axis in an Horizontal circle, another of the ſame 
Axis, and. the. Spiral of the Centre; laſtly, another of the turn- 
ing round of its Axis about ſome of its points,by which.motion 
of, turning or trembling the foreſaid little Circles are deſcribed 
by. the top and point of.the Axis.  * 


, 8 


* 'Bitt the Imperus of the orb about the Axis ceaſing after thar, 


and'the tarning about andthe inclination of the Axis prevail- 
ing, the'Centre of gravity fo departs from the line of direCtion, 
thar the Iinpetus: of the orb cannot keep the Axis erect, the 
top; falls ;-and'then becauſe in it there remains as yet much of 
the- former impetus, ir makes ftiR' ſome _ oblique rurnings or 
Circuits, which alchough they feem to be made in the oppoſite 
pPart,; yet. they; are made. (if you attend rightly ) on the 
fame part on which the circular morion abour the: Axis was 
mage; which when *tis hindred by the contact” of the Plane, 
therefore afterwards *cis rolled about upon the Plane, and: now 
3s more-moved by the motion of the Cenrre which before was 
hindred' by motion. of 'the orb, or 'that 'from this you may 
know-the nature to be loved of the right motion of the Centre, 
but; not of the orb abour. the Centre, 
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of Cromtar Motion artificially fired fd 
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OU ſhall ſcarce ſee any ingenious Engin in which either 
circular motion dpth nat [appear,. or at leaſt that which 
may not be reduced thereto, notwithſtanding in this 

place we ſhall treat only of thoſe kinds of Engins, . or Inventt- 
ons, which immediately depend on the Principles, and Dodtrine 
of Circular motion hinted ar betare. * LON 


Problem. b 
T, 0 wid divers kinds of Wheels commonty uſed i in , Engins: 


of is furniſht with teeth, and the other hath none; choſe: 
that have none are ſingle Wheels, and Pulleys, which are hol- 
lowed.in the Periphery for the Rupe to move in, as alſo Wheels 
with handles to: turn them by: And the firſt ſort,.of” Wheels 
contains as many kinds, as there are various forms of teeth, 
which I thiak fir to deſcribe in the firſt place, for the berter 
underſtanding of whar follows, and that..any one, may know 
| how to make choice of thoſe kind of Wheels which he e- 
ſteems moſt fir for his occaſion. 

Teeth, or,as ſome call them, Claws, Or handles turning 1 round, 
their chief uſe about Wheels is, thar they lay hold oh,.or bite 
'each other, and being, folded 1 in each other they. cauſe a" reG- 

4 \ptocal 


(General we make uſe of two ſorts of Wheels, c one Where- 


176 Mechanick Powers: 
procal motion, and they are various as you may ſee in Fig. 119. 
from whence the names-of thoſe wheels are divers. 


> x \"j : l 
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A toothed Wheel is, that whoſe Periphery ſticks out with 


little. handles endued with Semicylidric form, as in the arch 
A_F,. or a. plain {ided Priſme, as in the arch EF. 


A Fingered Wheel is, that whoſe Periphery is garniſht with 


plain Cylindrick ſmall ſtakes, as in the arch AB; or ſomewhat 


like Cylinders, as in the arch B C. 

A ſharp pointed Wheel is,thac whoſe Periphery is cut in with 
little handles turning round like the figure of a point of a Sword, 
or of a tongue,as in the arch E D may be ſeen. 

A Studded Wheet is,” that in whoſe Periphery little Sphzres, 
or Convex Hemiſphzres are diſpoſed, or the Concaves are 
made hollow anſwering to the Convexes in the other Wheel, 
rhe firſt parcel referrs ro the arch CD. 


4 


3 


A Starred Wheel, is that whoſe Circumference is furniſhr 
with three {ided Priſmes having each fide equal, as in the arch 
G H. 

A Snagged, or ſawed Wheel, is the ſame as the former, only 
with this difference in the former, the triangular ſides of the 
Priſme are -<equal, but in this they are unequal, as in the arch 
GN. oY was 

A helical, or ſcrew Wheel is, that in whoſe circumference 
chanellings or grooves are made, according to the quantity of 
the angle of the Axis of the inclined wheel, whatſoever figure 
the ſame hath, which nevertheleſs are-reduced ro four kinds, 
Semicylindric, as- in the arch AF, Triponal, as in the arch GH, 
of four ſides, as in the arch K L, 7rapezias, or unequal 4. ſides, 
as ML. EFT EE | | 

A hooked, or crooked Wheel, is that which hath hooks diſ. 
poſed in its circumference, asin the arches H K, and N M, you 
may behold. | 


_ "Alfo Wheels are named with reſpe& to the figure of their 


"Wheels, let the teeth be what they will; for. ſome are called 
. Plain Wheels, or Orbiculates, in which the baſes of the Cogs or 
Teeth are all in the ſame plane ; others are called Convex Cylin- 
 dric, when the Cogs are diſpoſed in the outer ſuperficies of 
the Cylinder, or any Circle thcreof: Others are called Concave 
Cylindric, in whole inner Cylindric ſuperficies the ſame Cops 
_ are diſpoſed : In like manner fome Wheels are called Convex 
Conic, others Concave Conic, even as is ſaid of Cylindric: Laſtly, 
| _ a Wheel 
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a Wheel without teeth, and whoſe Periphery hath nothing 
ſticking out, they call ſmooth or even. | 

| Note, that all the kinds of teeth, or Cogs deſcribed, or any 
other ſuch like, may be made, nor only in the Periphery, or 
outermoſt ſuperficie of the Wheel, bur alſo in one or both of 
the lateral ſuperficies, or Circular, or Cylindric baſes... | 


Problem. II, 


To apply Weights, or Powers ( moving by their natural gra- 
wvity ) to Clocks, or other Engins. 


\ Lmoſt all kind of Engins, which are moved by inanimate 
Power, are uſually made with ſome Wheel, or Cylinder, 

ro Which a weight being hung, while it endeavours down- 
wards by its natural gravity, it moves that Wheel, or Cylinder, 
, and that puts the other parts of the Engin in morion, as ap- 
pears in common Wheel Clocks : And weights may be applied 
ro Wheels many ways, which we will unfold, before we. pro-: 
ceed to the making of the Engins:_The firſt way of hanging 
weights to common Clocks, or other Wheels, which by ſome 
determinate time, being placed in the middle and impelling, 
ought ro turn them round, is, that one end of the. Chord, or 
Rope, be fixt to the Cylindric Axis of the Wheel,and the other 
end ſufficiently faſtned to the weight, as you may 
precieve in the Figure: And in this practiſe you Fig. 120, 
muſt beware, that the Cylinder be not wanting to k 
_ the rope, for it ought ro have only ſo much length, that 
che whole Chord may be turned about it, for it the rope be 
rwice wound about the ſame Cylinder, thar is, if the latter 
windings of the Rope fall upon the former, ir will come to paſs 
that the formoſt motion (viz. while that part of the Rope de- 
{cends which is wound about the other ) the motion will be 
{wifter than that of the latrer, to wir, while the remaining part 
of the Rope deſcends which is immediately wound about tt:e 
Cylinder. | 

"The ſecond way is, when weights are hung to each end of 
the Rope, as appears in the Figure : For the Rope 
ABC is put upon the Pully D, in whoſe Periphe- Fig. r21. 
ry there 1s a hollowing, or groove cut arching, fo | 
that the Rope may lie in ir, and reCieve firmly in it the draw- 
"  . - 
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ing force of the weight, and the weight A muſt not deſcend 
without turning, the Pulley about, and conſequently raiſes the: 
weight C. 
In pra&ticing this Artificers are: commonly: miltaken, for- 
ſome in the foreſaid: hollowing of the Pulley D, make & or 8: 
ſharp points ſticking out 16: hinder, leaſt the Rope being. 
drawn by the force of the weight A ſhould not. turn abour.the: 

Pulley. | 

_ Bur thoſe ſtiarp-points:render the motion of- the Pulley; and: 
ſo of the- Clock, or other engin, a!together. unequal ;. others. 
make the Cavity or hollowing of the Pulley narrower: '1n one: 
place,.ard: wider:in another, from whence it follows, that the- 
Rope being unequally diſtant from. the Centre makes the mo- 
tion unequal 
Therefore if the Rope ſlips withour: turnivg the Pulley thofe- 
ſharp points-may. be uſed; but a greater number muſt be afhxr, , 
and:rhey. ought ro ſtand our alFalike,and: equal upon the Peri-- 
phery' of the. little Wheel; which may be performed more: 
fafely if you glew on fome little balls like button moulds or- 
beads to the whole Chord; or fix them in ſome other manner 
which may be all alike and equally diſtant to each other; and: 
in the Cavity,or hollowing of the Periphery of the Pulley,make 
little holes or cavities right with the ſame diſtances, which: 
Cavities muſt anfwer the little buttons or beads; and. receive: 
them within them one after anther : Some. inſtead of. theſe, . 
tye. knots in the rope, being equally diſtant. 
Fig. 122. The third. manner in uſe is, when the ſpace for- 
the deſcent of the weight is too low,.or ſhort, or of too few 
tours; or if it be ſufficient; we would notwithſtanding. ex-- 
tend the motion of the clock, or dial, ro more hours. For then : 
we. double the Rope, which may again be done in a twofald: 
manner ; firſt, one end of the Rope is faſt bound to ſome place - 
A; and the other end .to the Axis, or Cylinder E, of the Wheel,. 
which it ought to go about;. as. for example in D; this Rope - 
ABD ſaſtains the little Pulley C. with the weight arnexr to ir, 
and. this whole weight rogether with the little Pulley C ought- 
to be double of. that: which is hanged to the ſingle Rope; alſo- 
_ the Rope may he triplicated, quadruplicared, ec. 
Eg.. 123: if there be added above and beneath other Pulleys, 
in which caſe alſo the weight may be in like man- - 
ner :triplicated or quadruplicated, &c, In the ſecond place by 
| tnCE-: 
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the double: Pulley D, C, one of which being annext to thE 
-weight C, and the other to the Counterpoiſe D, and tFe ends : 
of the Rope B and E are faſtned to ſome firm immovable place; 
1{o while the weight deſcends with the Pulley C, it turns the 
Wheel, or Pulley A, and lifts up the counterpoiſe D. 
Fig. 124. The fourth manner is by a continual Rope, dif- 
poſed in ſuch manner as the figure ſhews, in which A is the 
loweſt Wheel of the Clock, or ſuch like Engin, or the pulley 
annext to the Wheel, and made hollow in the Periphery to re- 
cieve the Rope firmly,as we have ſaid before. B is another Pulley 
like to the former, and moreover furniſht with ſfaw-like teeth, 
and with a pin C ſo faſtned to the fide that ir endeavours 
Againſt the teeth while the weight D deſcends, that the Pulſey 
B be not turned-abour at that time ; but the Pulley A is roled 
about and lifts up leiſurely the counterpoiſe or weight E an- 
next to the pulley ; where you ſee there is no extream head of 
the Rope, bur ir is one continued Rope, and put into the Pul- 
lies, whence 'ris called perpetual or infinite. When therefore 
the weight D deſcends to the lower part, and the weight E is 
carried to the upper part, the Rope being taken by the hand 
in F, and by drawing downwards raiſes the weight D again and 
depreſles the weight E, for the pin C endeavours not againſt 
the motion of the Pulley B, but alone againſt the oppoſite 
motion. 

The peculiar conveniency of this Rope, and the application 
or diſpoſition of the weight-@onſiſts in this, that in the ſame 

ſpace of time, wherein the Rope is drawn, and the 
Fig. 125. Weight raiſed to continue the motion of the Clack, 

the motion of the clock is not interrupted, as hap- 
pens in others ; for alſo while 'tis drawn upwards by drawing 
of the Chord in F, ir diſcharges its office in enforcing the Pul- 
ley A, which truly is of great moment to the exact perfeCtion 
of Clocks, and ſuch like Engins, and the knowledge of 
time. 

Likewiſe you ſce by this doubling of the Rope, that the 
ſlowneſs of the weighr's deſcent is doubled to that it would 
have by a ſingle Rope ; and it might, if need were, be quadru-. 
 plicared, and be made greater than any given proportion. . You 
may add to the two pulleys A, B, anather Pulley G,and to the 
Pulley D adjoin another little Wheel about the ſame Axis,or if 
&ivers, Join it at leaſt with che other Axis. Then this. perpe- 
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tual Rope being drawn abour all the Pulleys,v!zz. ADGDBEA; 
' for fo the deſcent of the weight D will be four fold flower, and 
therefore the weight ought ro be four fold greater, yea, and 
ſomewhat more, becauſe of the much rubing of the Pulleys with 
the Rope, and the reſiſtance, &c. ; po 
Fig. 126. The fifth manner is this,the Pulley B 1s underſtood to 
be firmly affixed to the lower Wheel of the Clock, the other A 
ſtabliſhed ſomewhere commodiouſly, ard being furniſht with 
ſaw-like teerh with an Iron Pinto endeavour againſt the weight, 
as is ſaid before; from the perpetual chords of theſe Pulleys 
hangs the weight H in the little concentric Pulleys EFG and 
CDN, one of which is conjoyned immovably to the other, 
and both together about the common axis of that which turns 
eaſily : Moreover below let there be two Pulleys K and L con- 
Joined in their centers to the common beam K L, in the middle 
whereof hang the weight M. About theſe and the former 
Pulleys draw two perpetual chords by this artifice,the firſt Chord 
is BLGFEGB, to wit, ſo that it fold about the Periphery, or 
Circuit of the whole Pulley E F G once: The other Chord in 
like manner, muſt be drawn about the whole Periphery, of 
the leffer Pulley CDN, concentric with the former, fo that this 
whole Chord be ACNDCK A. But now that which is 
{aid concerning this laſt Chord,and the pulleys belonging to ir, 
is, that it ought ro be done altogether like to the other, bur 
placed on the other face or fide of the Pulleys, which in like 
manner Contains a certain leſſer Pully equatto CD N, ſtanding 
out on the other part and divides the whole office of holding 
or bearing up with the other; wherefore it behoves the Pulleys 
A and K to be alike. 


© - That therefore the weight H be drawn with its Pulleys on 


which it hangs, you muſt apprehend rhe Chord A K, either: 
alone or compared with another, viz. in E, and drawn down- 
wards ; for {o it comes to paſs that the weight H aſcends, yet 
in the mean while the motion of the Pulley B is not ſtopr, and 
conſequently neither the motion of the Clock, or other Engin : 
So likewiſe it appears in this method, as alſo in the precedent; 
that the arrraction of the weight may be continued.as long as 
you pleaſe without hindering the motion of the Engin. Laſt-. 
ly, it appears in this laſt method rhat the motion downward of 
the weight may be made {low according to any given proper- 

tion, 
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tion, to wit, in that proportion, which the diameters of the 
Concentric pulleys C'DN and: GEF have to each other ; and 
in the ſame proportion the weight will always be increalt. 


Problem. III. 


To appply a. Spherical, or ralling weight, to the Wheels of 
. Clocks, or other Engins, | by finite Chords, as well as by 
infinite Chords, | [3-304 £30] RE. 


I Ince oftentimes it is neceſliury in the artificial conſtruttion- 
of Clocks, and other Engins, to make ule of Sphzrical or 
rolling weights, two or more whereof ſucceed each other mu- 
rually to continue or perpetuate the motion of. the Engin, as: 
will appear by what ſhall be ſaid:; therefore 'we wil: deliver a 
double method, whereby it may eafily be obtain'd. 

Fig. 127, Firſt, it may be done by a perpetual Chord, or 
Thong of Leather twiſted ; for let there be two Pulleys, or ſhort 
Cylinders A and B, A being fixt to the lowelt Wheel of the 
Clock, and B ſtabliſht in the loweſt place to which the weighc 
ought to deſcend ; put on each the perpetual chord ABCDA, 
ora Thong made of the Hide of a Beaſt ; then take another Thong. 
alrogether like to the former and putabour the ſameCylinders,or 
on two other pulleys parallel ro the former and diftant from 
them ſo much as isthe diameter of the Spherical weight D, which: 
is ſufficient to turn the clock or Engin, this interval of the double: 
Thong being. obſerved, joyn one Thong with the other by 

ranks of certain ranſred. Irons ſemicylindrical, whoſe baſes: 
areEH 1, LMN: And they are cafily connected if you drive. 
a Nail through each Semicylinder,. and the Thong which folds 
about it,. ot if by chance the Thongs of the Semicylinders. 
ſtrain in-the middle, ir will. make a Scale, as appears: in- the. 
Figure ÞP Q, ſo that the Spheric weightD being placed berween 
the foreſaid degrees will be ſuſtain'd by the lower. pair of Cy-- 
linders, viz. in F. But that theſe kind of perpetual Scales. 
may be turn'd about with the Cylinders A and B with an uni-- 
form motion, there muſt be made hollow Semicylindric grooves. 
or Channelings in the Peripheries of the Cylinders, in which. 
are received the convex Semicylinder of the Scale. 

If the Sphzric weight D be of a great bulk, the Thongs may 
be made of double or triple Leather thar they break not, or in 
ſtcad.of them Iron chains may be uſed. The. 
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"The chief uſe of this perpetual'Scale is to continue the motion. 
of the Clock, or other Engin ; for after that-the weight Dis 
deſcended to the-loweſt 'part G, 'tis caſt away .by the Scale, 
which will be done either from the Pulley B, or . better from 
ſome obſtacle fitted below. for this purpoſe ; then the Globe 
breaking out from the Scale'in the lower groove G, lifting up 
ſome peſtle of Iron by means of a Thred -o: Chord, opens an 
entrance to.the other Globe in the upper groove E, that it may 
ſucceed in his place on the top of the Scale; but the former 
Globe depoſed in G is lifted up again to the groove EF, by an 
artifice which we will ſhew in the following Problem, that it 

_ :may again deſcend by the Scale, &c. a 
Fig. 128. Secondly, it may be done thus, affix the Pulley Hto 
'the loweſt Wheel of the Engin, which ought ro move and turn 
eaſily about its Axis, having in its Periphery Saw-like Teeth 
with the Peſtle R, which being fixt in ſome place of the Wheel, 
.and fitred with a plate of metal preſling ; put the Rope L HK 
upon this Pulley, faſtning to one of itsends L ſome little Box or 
Basket wherein ihe Globe may be received, and to the other 
.end K, hang a weight of ſuch gravity, that it may draw up 
the Basket free from the Globe, from the bottom Q to the 
.top, Where now it appears in the*figure, which the Peſtle R 
Will not hinder, which hinders only the oppoſite motion 
.of rhe Pulley H, and-thart the Globe may be contain'd within 
the Box or Basker, and not ſlip out of it, ere&t two or more 
rules P Q and MN, &c. But after that the Box with the 
Globe is deſcended to the bottom-Q S, the Globe muſt run our 
.of the Box, cithzer by mangling the rule N, or by the deeliviry 
.of the botrom Q'S; Laſtly, the Box or Basker being freed from 
the Globe, is lifted or raiſed upwards by the weight K, and 
| :being advanced to PM, takes in there the.other Globe equal 
to the: former, and that the Clock,. or other engin, may be 
kept ih motion while itis let down'in|Q-; :and raiſed againin 


w 


| M, we will ſhew by and by. 


Problem 
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To convey weights, moving” an Engin up to the upper part; 
after their deſcent to- the laweſb part.. 


Fig.. 129. His may be done many ways; firſt, by the perpe-- 
| tual Scale deſcribed in the preceeding Problem, 
for if you underſtand a Toothed Wheet joyned to the Pulley A, 
and firmly adhearing to- the ſame Axis, if then this toothed. 
Wheel be moved -rogether with the Pulley A by. any.ſuper-- 
ſtruCture, or any other way from-the power impelling the Su-- 
pream Wheel, or part-of the-Engin, and the. motion-be\ made - 
from A towards C, the -Globe,' or weight. D,. will -be' raiſed 
gently ' from the bottom” to the top, whence- it devolves again 
to animate the Clock,or other Engin, by. the artifice explicated: 
in the precedent Problem. 
Secondly, the Artitice in the ſame third Probtem, explicated' 
in the ſecond place may eaſily be applied to the drawing Sphe-- 
rical aveights,from the bottom to -the upper moſt part. . For- 
let there. be a toothed Wheel' ABC to which there may- 
be others: made according as the thing requires ; place the - 
Pulley. DE on the axis of this Wheel on which a Rope being: 
put, let one end of it ſuftain the Spherical weight P within its: 
Box or Basket, and on the other. end. hang the Counterpoilſe- 
N, a little lighter than-the Basker Þ without the Globe,. or- 
weight, that from rhis that may - be taken up. The Peſtie B; 
furnifht with a little wing lays hold on the Snags of the. Pulley, . 
and derains it againſt the endeavour of the weight P.. Alto: 
make a certain dovetail D F in the Periphery of ſuch bigneſs, 
that ir may be equal to a quadrant of the Circle, or exceed it, , 
in the middle of this make a long ſlit D F, through which the: 
common axis D of the Wheel and of the Pulley may. paſs; 
moreover make a moving leaver HG FC made firm fome- 
where about the point G, with which  Leaver the. forefaid 
dovetail 1s linked in the point F :. Fhen mm the point A fix a: 
ſpar, or bolr A K, farniſhc with a-prefſing wing and movable- 
abour the point A, and- near this bolt. place a Leaver. fall. of. 
corners or nooks K LM N movable in the point M.. 
Theſe things thus diſpoſed; If by the motion of the Wheel 
ABC the weight be elevated leifurely to the top off its m_ 
at anda. 
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and being flipt from the Basket or Box into the groove or 
Channel leading it to the defignediplice for animation of the 
Clock, notwithſtanding the _ empty basket will be moved 
by the -POWEer raiſing It, untill it hits. againſt the Leaver 
CGH and lifts ir up a little, and the _Leaver being raiſed 
takes up together with it the dovetail FD : And this Peſtle B 
being ſtretcht ar length -through-the whole thickneſs .of the 
Pulley in this part to the doverail ; in the mean while that the 
end H of the leaver CGH being depreſſed lays hold on the 
| bolt AK and detains it, at the ſame time the Peſtle B being 
lifted up without the Soags of the Pulley, the basket P, although 
empty, yet heavier than the councerpoiſe, N will turn the 
Pulley,and it will deſcend to the bottom that there it may again 
receive another Spherical weight to be drawn up in the ſame 
manner. ry VO EY 

For the counterpoile either of it ſelf, or by making a certain 
knot in the Rope will raiſe the nooky Leaver N M L, and by 
it withdraw the bolt A K that it- detain not any longer the end 
_H, which being looſed, the dovetale DF falls off, and then 
the Peſtle B being ſent down lays hold on the Jags of thePulley 
that the atrraCtion of the weight may. be made again. - 

If you fear leſt before the Peſtle B being drove away by the 
Snagged teeth. of the. Pulley; . and the Pulley with the Basket 
ſhould begin to deſcend before the end H is laid hold on by 
the bolt AK; then hang ſo much weight to the arm GH of 
-the Leaver as ſuffices to raiſe the dovetale with the Peſtle B; 
and that the weight be nor. raiſed ſooner than the basker aſ- 
cends upwards, detain this. 
hook made after the ſame,manner as the hook N H:in the fal- 
lowing Figure. - But. then in ſtead of the arm FC, the-arm 
MN will be- produced, that that being raifed from the basker 
will withdraw the hook ſuſtaining the endeavour downward 
.of the end H which js heavieſt ; Moreover it will reſtore it: to 
us former ſte a{cending with -the Impetus of the- counter- 
poiſe N...' | $i? 1; 


© 


_ - Alſo nore, that when the Wheel A BC is often turn'd abont 
in drawing of the weight, and conveys the Peſtle B eyery 
where with it ſelf, thar when the attraftion is finiſhr, the RL. 
B will be found in the upper . quadrant that is above the 
dovetalz, which always certainly happens, if in the Rope or 
lict'e chain of the Pulley you maxe little knors-or buttons To 
tnat 
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that purpoſe; . according as 'tis ſhewn in the  ſecond' Prob- 
lem. "OF 9} co T | W 6 D 

Fig. 130. Thirdly, the ſame Pulley may be freed from its 
Peſtle by another artifice; let the ſame Wheel B ſtick faſt ro the 
axis C,and the Pulley D movable thus, that it may be moved tro 
and fro by the Axis AC; Then after that the Basket Eis brought 
to its height, it will raiſe in the firſt place the knotty Leaver 
EFG fixt movably in F ; and this by the little arm GH drives 
out the hook H N, whereby the other knotty Leaver ML K 
is ſuſtain'd, tro whoſe arm L K ſo much weight muſt be hung. 
as is Convenient, that the other arm L M laying: hold on the 
Tube M P, joyned to the hole of the Pulley D, may draw the 
Pulley by the Axis A C towards C, although againſt the ordi- 
nary reſiſtance of the force of the H#lx CP:'And in this 
manner, thoſe jagged teeth of the Pulley are withdrawn from 
the Peſtle B, and the Basket E deſcends with its weight, by. 
curning round the Pulley together freed from the obſtacle of 
the Peſtle ; notwithſtanding in the mean while the little arm. 
L M touches it highly, and detains the Tube ending in the 
rundle, in which the conta& may be facilitated by adhibiting 
the little Wheel, or a turning Cylinder, &c. Mo 

The arrival of the Counterpoiſe will make the Pulley repair 
0 its place, for this when the imperus of the knotty Leaver 
M L K, lifts up the end K, it places:ir in the hook HN; 
which being done the - pulley is forc'd into its place, by the _ 
preſſing Helix led about the Axis. 7 

Hence alſo you muſt rake care; in making the Peſtle B, that 
it be not let or bore down. from its little wing, deeper than 
the inciſlions, or Jags of the Pulley. - © © 


Problem. IV. 


To fit an irregular finite, and diſorderly moving power, ſo to 
an Engin, that it ſhall make-a well order d regular, or 
wholly equal motzon. © PERS 


C Ince Regularity. and equality appears-in no other motion 
g more than in the Circular, which of its own nature ſeems 
tO require equality ; we ſhall in this place declare thole things. 
which are for obtaining this equality of motion, which truly - 
are of great moment in Engins, eſpecially .in the conruftion. oe: 
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thoſe that meaſure time. And of * theſe. kind of Irregular: 
powers ſome are perpetual,.or infinite,. and: others finite which: 
do execute. their office ro-\time.. We thall: erear- of theſe laſt in 
this place, and: of the former. we thall ſay ſomething hereafter ; 
heavy things being bung, at kberry whether hanging from an: 
Engin, or fome Wheel; are called regular powers, becauſe 
whether they are hung high or low, they always obtain equal. 
force or moment ; notwithſtanding; if they are phaced in ſome: 
ambit of the fame, Wheel -according to-a divers. ſite, and the fame: 
inclination, they acquire divers moments as appears; from whar 
Has been ſaid elſewhere; bur *tis needlefs to: reduce this irre-. 
gularity of weights to. . regulriy,, fince that may eafly be- 
done... _ 2. EE og as fo 

- Therefore: irregular Powers which we commonly uſe in the: 
conſtruction.and: motion of 'Engins are Springs, that-is, certain: 
thin pieces .of mettal in: manner of an- Hzlix,. or wrapt up in: 
Spires ſuch as are commonly uſed in watches, concerning whichs 
tomething is ſaid: before:. . RT on 119 he: 

- Firft;. the refiſtance of the: ſaid thin. pieces of metral. is leſs in: 
the beginning while they are bent or drawn. than in the end;. 
and. in like manner. when they are drawn or bent have greater 
force, and. make a greater endeavour to reſtore themfelves in- 
to-their firſt ſtarion in rhe- beginning. of reſtitution. or reduQion; 
than in the end, and. this force increafes- or decteafes. not: unis 
formly,and with a proportional-increaſe to the adduttive or. re-- 
ductive motion, but with another certain; mcreaſe. or progrefs 
fion. nor. as-yet. certainly known, ob which. in: its-place.. 

Secondly, if the thin piece of mettal be bowed. or bent into-a; 
Spire; or larger Spieres, the. bending; reſiſts-leſs, and: makes leſs, 
force to reduce ir ſelf than if ir be bent in lefſer Spires ; hence: 
- *tis, thar in this ſecond: cafe it- hath- greater force whereby ir. 
defires ro- reſtore it ſelf, bur. obtains lefſer motion. _ 

' Thirdly, Springs,or the ſame thin pteces of: mertal being bow-- 
ed into'a Spire or wreath, may be drawn more violent either 
in.the Centre,. or in the Circumference, . or. in both parts to- 
gether ; if the.thin plates conſiſting in the extream which is- 
in the circumference, the plate will-be deawn by. the. wreſting. 
of the other- extream being in the Centre, ir refiſts the: draw-- 
ing.lefs than if remaining centrelly- mmovable-in the. extream;. 
the plate be wreathed about.in the Periphery, the. reaſon is, be-- 
cane. in this fecond-caſe it. ought .not..only-ro- out go.the reſiſt-- 
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-ance of bending, bur alſo the other of rubbing, or weiving of 
one volute upon the other, which reſiſtance nevertheleſs it hath 
by accident. bad a9 wn mathe 

Fourthly, Springs are made weaker by degrees by often draw- 
ing them, but they. are more weakned if they never reſtore 
rhemlelves, but if always, or for a long time, they continue 
drawn or pull'd ; hence they have greater force in the firſt ma- 
king of an Engin, but leffer after long uſmg them. HT” 

 Fifibly, if they remain ſometime free, that is, without draw- 
ing, they recover ſome of their ſtrength which they had loſt 
before. = | | 

 Sixthly, Fo. Helmont in his Book entituled Med. Phyſic. de tem- 
pore, Num. 50. affirms, -That the ſaid Sprivgs of Clocks or Wat- 
Ches are wont to be more ſtrong, or ſtubborn, when the North 
wind blows, which notwithſtanding 1s not as yet well known 
10 me, neither doth the cauſe of this Phenomena eaſily appear, 
unleſs you'll fay from Cold, which is wont to be more rigid 
when the Wind is Northward. 

Theſe things being nored, the irregular force of Springs may 
be reduced to uniformity. divers ways : Firſt, when theſe thin 
pieces of Mertal are wont to be made every where of the ſame 
breadth and thickneſs, they exert their force unequally in tte 
beginning and in the end ; if the parts near the Centre be 
made thicker than rhe other, or broader with a due propor- 
tion, and -then the drawing to, or lapping up being made in 
the Centre, the reſiſtance will be equal and uniform in the 
whole drawing, or wreathing, and conſequently they will. 
make the force equal in their whole reſtitution, until they 
come to their firſt ſtare, or condition ; moreover on the con- 
crary, if they are made thicker in the parts neareſt the circum- 
ference, and then the drawing be made in the circumference, 
from the oppoſite reaſon there will be an inequality of force 
ro compentare or amend that unequal thickneſs or breadth of 
the thin plate ;. notwithſtanding this way, whereby the inequa- 
lity of this thickneſs compenſates, the inequality of force 1s not 
uſed, perhaps becauſe 'tis more laborious, and neuher 1s it ea- 
{ſy to find the proportion, whereby the thickneſs ought ro te 
increaſed gradually ; yer if it were reduced into practice, ir 
would be far more uſeful and certain than the other. 

- The ſecond way more obvious, and uſed in regulating the 
Springs in -ancient Werke it; by. an unequal pretlion of 
i Ns Bb2x ns 
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the ſtronget part of the Spring, and that 1s made in a certain 
Changable Orb like the figure of an heart, for this Orb when 
the ſpiral plate makes leſs force, is alfo leſs preſſed from the 
other plate, or hindering wing ; but. when it exerts greater 
force in like manner that force is abated, fo that 'tis reduced 
0 a certain quality ; alfo this way is ſcarcely uſed now among. 
modern Artifts, when notwithſtanding 'tis leſs laborious, and, 
as Experience teaches, oft-times more uſeful rhan others ; per- 
haps *cis deſpiſed becauſe "ris more ſimple, to deter others from 
inquiring: into an Art which is more ſubtihl, which they would 
do, if it were eafier and ſimple. 

Fig. 131. Thethird way, which isat this time moſt in uſe is, a 
Hzlyx of Steel included in the Cylinder A B (C D, movable about 
the durable axis E F ; this axis paſſes by the centre of the Blix, 
and detains its central end firmly, and leſt it ſhould be turn'd 
about together with the Spire or Wreath and Cylinder, 'tis hin- 
dred by a jagged wheel G H, firmly put into an axis, and a lit- 
tle bolt or peſtle HI, which ſtrives againſt the Jags of the 
Wheel :- To the ſide of the Cylinder a Cone is made, or ſome 
other ſuch body ſharpned ar top like to a Top C K M, movable 
about the axis L M, the Periphery of this top is made in the 
| manner of a Screw, with channellings or cavities made round 
It to receive a chord or chain, one end whereof is faſtned in 
the point of the Cone K, and wound about the Cylinder, the _ 
other end of the chord is faſtned to che Cylinder in-D ; thefe 
things thus conſtituted, the inequality of the refiſtance of the 
ſteel ſpires, or wreaths, drawing irregularly is made fit or-meer 
by the deformity of the top, which where the reſiſtance of 
the ſpire or wreath is leaſt, the greater Periphery being turn'd 
receives the chord, whereby the Cylinder is drawn about, car- 
_ rying about the included end of the ſpire or wreath fixt to the 
Cylinder ; and where the force and reſiſtance of the thin. plate 
is ſtronger, the chord Deng then in the ſhaxpned or [ler parc 
of the top or cone, eaſily fuſtains rhat greater force by leſſer 
diſtances from the centre or axis, and by allaying it, tem- 

rs It. 
ad” TIP the whole perfetion of Clocks, or Watches, 
which conliſts in' uniform motion, or equality, depends. 
on the framing the foreſaid cone or top ; which I deſire Ar- 
tilts diligently to obſerve, and to take great care in the mak- 
ing of it, that the moving foree of the ſpiral thin plate be [+ 
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dred every where equally valid ; neither is it ſufficient, as 
chey are wont, © try it by hearkning to it whether the ſound 
be ſharper or graver in the {wifteſt motion of the Jagged lit 
the wheel GH, ſince *tis nor eaſy to diſtinguiſh the leaft dif- 
ference of ſound ; wherefore 'tis rather to be done ſome other 
way, and Father Schettus propoſes two, the firſt is by weigh- 
ing, viz. by a weight hung on a long arm leading the Cone 
about, for iFwhich way ſoever the Cone be turn'd abour, 
the ſame weight endeavours equally 2gainſt the adduttion or 
redu@ion of the Spire, the Cone or Top will be perfect. 

Fig. x3t. The fecond way is meaſuring by time, for, ſays 
he, the lite Wheels being fer at liberty in a ſwift and free 
motion ; take ſome very ſhort Pendulum, and by its vibra- 
brations examin the circumvolations of the lower Wheels, 
for if the circumvolations of each wheel be in equal ſpace of 
time, it argues thar the cone or top is perfe& : In the ſame 
manner, the circumvolutions or turnings round of the jagged 
little Wheel G H may be examined by a Pendulum, ro wit, 
whether they are made in equal time, notwithſtanding if there- 
be added weight to the foreſaid little wheel the motion is 
rendred more {low. I 


Problem. VI. 


To mend the unequal motion of Clocks, or other Engins, by. 
applying a Pendulum. 


He chief fault in Clocks, and all Engins that meaſure time, 
is the irregularity of motion, for no kind of Clocks to: 
this very day is found, whoſe motion is ſo equal or uniform, 
that it errs not ar teaſt a minute from the true meafure of time, 
in one day or 24. hours, although it hath been the ſtudy and 
endeavour of many ingenious men; in the farft place, we are in- 
debted to Mathew Campane to this end, that by the accurate 
meaſure of time Geographers may obtain the knowledge of 
Longitude, and what proficiency they have made in it, you will | 
underſtand by what follows. | | ; 
Truly *tis doubted whether any man can by application of a 
Pendulum, compleatly perfethe little jagged Wheels of Clocks, 
and take away. their inequality; therefore the Author of that 


famous Invention, deſerves to be followed and prabled 
+ 7 


of all Men ; :and fince-there are divers ways of application in 
this kind, ſome-whereof we have deſcribed juſt before, it re- 
mains that-we reckon up ſome others in this place, either more 
ingenious, or alſo more uſeful. OT EO EAT voy IM 
Fig. 132. Let there be a Pendulum I L, with a wire fixt ro 
'the Axis C D, -which reſts on the two poles C and D, and in 
.the middle part of its Axis, faſten here and there two. little 
wings, .or thin plates of mettal, extended agcording to the 
length of the Axis, or in an Horizontal fite, above, this Axis let - 
the upper wheel of the Clock A B be rarn'd, being made by 
A ws art ; to wit, let it be made in form of a Zone, with 
a double row of Teeth diſpoſed to the end of the Zone in ſuch 
a double order, that when the Teeth, or little Keys. that ſtand 
our, being conſiderably diftant from one another, each tooth 
of one row, anſwer to the middle ſpace of teeth of the other 
row ; for ſo by turns they will hit againft the aforeſaid rwo 
wings, - to wit, one tooth. or little key of the row towards the 
right hand, on the righ wing, and the other row on the left 
hand, onthe left wing ; again, the othcrx on the right, on the 
right'wing, from Whence are made rhe Altern Vibrations of the 
Pendulum. If then each of the two rows conſiſts of ten teeth, 
in all they will make twenty ; and: the Pendulum muſt be of 
ſuch length, that each compoſed Vibration anſwers one ſecond 
of time, there may be fitted on the ſame Axis of the wheel the 
Tympane F with fix teeth, which will be moved by the wheel 
G H of 36 teeth, for this will abfolve one circuit in the ſpace 
of a Minute ; ſo chat an Index faſtned to its Axis, . may note 
every ſecond in a citcle divided into 60 equal parts;. and be- 
neath the Wheel G H, another may be fured, which may be 
rurn'd about in the ſpace of an hour, and its Index may ſhew 
the minutes, mpreover another which may ſhew the Hours, 
' But ſomething offers it ſelf worth our noting in the appli- 
cation of Penduluws to Clocks ; in the firft place, if a weight 
doubley or tripley greater be hanged to a Clock, it is nor the 
reaſon of moving it notably ſwifter, or the cauſe of making 
the hours vibly ſhorter, becauſe in this cafe the Perdulum is 
forced more vehemently, and therefore makes greater arches 
in its Vibratjons ; ir ſeems rhat it ought to move more lowly, 
ind to make the hours longer, if it be rrue that is ſaid in the 
Book of Pendulums, that the Vibrations which are made in a 
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greater arCch- from the ſame Pendulum-are longeſt; but expe- 
rience tells us, thart.the Hours are fomewhat ſhorter it weights. 
are hung much greater, and the reafon is, becauſe the wheet: 
which. is called Serpentine, or the wheel: meeting with the 
beam of the Ballance by way. dotly not permit: each Vibration 
ro: run-through the whole Arch-which they would run through; 
and: therefore cuts them- off a. little ſhorter, TE 
Secondly, For.this reafon Pendulums ought to be a fmall' mart= 
ter longer than if they-were altogether at literty, eaſt cach of. 
their vibrations be made in a ſhorter. time than is meer: 
. Thirdly, You ought net to-ufe 4. firing or lirtte chain, be-. 
cauſe they will: bend; bur a: wixe, or in greater Pendulums, a: 
rod of Iron, or other-Merral, i: {i 3 + 
- Fourthly, Since in thefe kind! of. Clocks: the- augmenting or. 
decreaſing of weights fignifies little: ro the fwittnels or ſlowneſs, 
of motion, but the {wiftneſs or lownefs. depends almoſt. wholly 
en the length. or ſhortneſs of the Pendulum; therefore thar. 
Clock. may bz reduced to the juſt, meaſures ob Hours, the Globe, 
or Ball, ought to: be fixedite the tower end: of: the. Rod, - i ſuch 
manner, that: it may be raiſed-qr- deprefled,, and: that may be: 
done if there be a ſcrew made'on the end of the Rod, which is; 
engrafted to the Globe more or-leſs;, and. binds: ut. very” well, 
that it flide not down; which inconveniency. may be prevented. 
by. another concave Screw. P, which keeps the Globe aways in. 
the ſame place. je bo | | hy 
Fifthly, 'Tisibetter to hang, a heavier. weight to a Clock, or: 
make uſe of a ſtxonger Spring,  andito apply a: Pendulum a lir- 
Sixthly, The Vibrations ought not tbe roo great, bur the- 
Pendulum. ought to ſwing backward and forward to the height: 
of 30 or 40 degrees in its arch. | 
Seventhly, Clocks made: with Pendulums, require much: grea« 
ter weight or ſtronger Springs: than athers, which are regula- 
<d by the ordinary ſimple poiſers, fo. that fomerimes. a: rriple- 
weight is required to it, than-is required to a Clock without a: 
Pendulum; nevertheleſs. for divers. reaſons, according; to: the 
manner or faſhion, a Pendulum may be firted, it may require 
more or leſs weight in the precedent artifice, unlefs. the little: 
wings of the Axis C D be made Ons, it will: require, 'a:-great. 
weight ; as appears from the principles of Mechanicks - . --- 
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192 Mechanick Powers. Book IX. 
- Eighthly, Greater Clocks which are furniſht with greater 
Penduloms, in like manner require weights.1n the ſame pro- 
- Portion, or alſo in a greater than the times of the Vibrations 
hFe, or which is the ſame, in ſubduplicate proportion of the 
lengths of the Pendulums; for Example, let a Clock have a pen- 
dulum of 36 inches; or 3 feet, which makes each Vibration in 
one ſecond, and another with a pendulum of 9 inches, which 
abſolves the vibrations in half a ſecond, ſo that in one hour 
that makes 3600 vibrations, and this makes 7200 ; ſince rhe 
pendulum of the firſt Clock is quadruple of the other, to agi- 
tate it, 1s required a quadruple force or weight; becauſe it 
ought to move but doubly ſlower, alſo the Serpentine wheel, 
or that which incites the pendulum, muſt be moved doubly 
flower, and therefore the weight hung to the lower wheel will 
have a double weight, therefore adouble weight ſuffices ro move 
a pendulum of quadruple length through like Arches; for a 
double weight, if it have over and above a double poiſe of a- 
nother weight, is equivalent to a quadruple weight. 
Fig. 133. Notwithſtanding 'tis to be Noted, if che longer 
Kf  _ .. pendulum be inforced in a point proportionally di- 
ſtant from the'centre of the pendulum, a weight as little again 
will tufhce ro. move the long pendulum, as it the pendulum A 
C, receive an impulſe from the upper wheel in the point B, and 
another .longer pendulum D F, receive an impulſe in the point 
E, and lerthe proportion be the ſame of AC to 'D B as of D 
F ro DE, a weight doubly leſſer ' is required to move the 
: longer :pendulum than to move the ſhorter pendulum ; for if 
_ thediſpoſition of the wheels be the ſame, or the velocity the 
{ame as the upper wheel, an equal weight is required as ap- 
pears, but.in.a longer pendulum the upper wheel is moved 
doubly ſlower, and ſo the weight hung to the Clock hath a 
double poiſe, therefore a weight doubly leſs ſuffices. Bur if 
the pendulum D F berimpelled in G, fo: that D G-be a mean 
proportional between AB and D E, than an equal weight in 
each Clock is required, and only double the weight is requir- 
ed in the' Ciock of the pendulum D F, when the pendulum is 
-Incited in the point H, fo that D H be equal to A B, and the 
Globes C and F areſuppoſed of equal weight, but if the weights 
are unequal, then their ' proportion ought to be had, which 
may vary diverlly. LS LIES = I 
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Problem.” VII 
Another way of fitting a Pendulum to aClock. 5% 


Fig, 34+]JE: we will deſcribe the way moſt in uſe of fit- 
| ting Pendulums to Clocks, the, ſerpentine Jr 
encountring wheel, muſt be placed in an Horizontal fire, and 
the beam of the Ballance allo ſtrerchr -our Horizontally on the 
ſame ; the wheel furniſht with jagged teeth, muſt have its num« 
ber unequal to this, that two little flaps, or wings, of the Beam 
of the Ballance, may lay hold on the teeth by turns, according 
to the uſual manner, which little wings ought therefore ſo to 
be joined to che beam of the Ballance, that their planes make 
a right angle, and the Axis of the beam ought co be extended 
preciſely through the centre of the Wheel ; but becauſe if the 
Pendulum be immediately join'd to- the beam of the ballance, 
its weight will burden it roo much,therefore a handle is: added 
to the beam, boared through in, the extream point, to which 
hole is fixt a,rod hanging ar liberty that/it may. eaſily: agitate. - 
Bur you. muſt take care that the lower little arti poſſeſs a 
middle fire between each little wing of the beam. of ' the 'Bal- 
lance, leſt one vibration of the pendulum be greater than-ano- 
ther, and make the motion very incongruous and lame; inthe 
reſt obſerve the. precepts already. delivered ; ſome fix, a Globe 
unmoveable on the end without any Screw, moving . the cen- 
tre of the Spear or Wire, they raiſe it or. depreſs 1t to-reduce 
the vibrations to the exact meaſure of time; for, when the cen- 
tre is raiſed, the pendulum runs through a leffer arch, and 
ſooner diſpatches each vibration, ſpecially becauſe *tis reſiſted 
by a leſſer impulſe, and it makes the vibration flower, if ir be 
depreſt for the contrary reaſons ; yer you mult take care that: 
the Centre be not beneath the axis, nor that it be elevated much: 
above it; laſtly, the length of the little arms are. determined. 
by practice, and by the wheels. - | SR open 
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Problem. VIE. 


To amend the Trregulartty of all Clocks and Engins, mea- 
ſuring time otherwiſe than by the manner of Pendulums. 


FF Know: ſome have not been wanting, who: are willing to a- 
I. dopt Pendilums ro. watches, or portables- Clocks, neverthe- 
lefs they aboured'in vain 3 for the ſmallneſs* of the Watches, 
andthe diverſity bf their'Scituations, with the continual. agi- 
tation of the pendulums, while they are carried about, cannot 
eaſily. admit- them to vibrate uniformly ; and although the pen- 
dulim maybe ſo. fitted, that being librated between many 
circles oOr:rings, 'after the manner of a Sea- Needle, it may al- 
ways obtain a perpendicular fite; however the agitation of the 
whole watch will make the vibrations-of the pendulum to run. 
 fometimes in this, ſometimes in the other part, hindering their 
equality altogether, beſides that, the ſpace which the beam re-- 
quires, is much ' greater than the magnitude of Watches will. 
conveniently admit ; whetefore perchance more patly,;the whole. 
watch with its'pendulum-appled to-ir after one'of* the. foreſaid: 
prefcriprions,' may be hung within 4. or 4 little circles, which 
may. eaſily be included: in a: Spherical caſe of the Watch. 
. Since therefore the application of Pendulums to theſe kind: 
of. Watches, or other portable Engins, are either ufeleſs-or al-- 
together 'difficult,' the illuſtrious Hugthius, ( for his-new. Inven-- 
tion, now known. te: all the World ). harh found” our another 
way, which I could not -paſs'by- in this place, it. being very 
proficable and ingenious, therefore accept it. as taken from Let-- 
ters of the ſame Author. - R 
The Miſtery of the Invention conſiſts ih a thin plate of met- 
talior ſpiral creſt, having faſtned: to-ir. ar-the. lower end a Cats-. 
gf String, or an. Inſtrument of 'an equal: weight, / bur greater: 
and more ponderous than-is*' Wont, and movable of. its own: 
accord' to: and fro upon its: points ;* and: the other: end is faſt-- 
ned to. a little part or covert. ſticking up-above the upper part: 
of the Clock, which being onee vibrated tothe tongue of the - 
Ballance of the Clock, compreſles and: releaſes its ſpires. one af-- 
ter another, and drawing co. it ſelf a little. helÞ.coming from- 
the: wheels of the clock, maintains the motion of the Inſtru- 
ment. or Ballance fo truly, that alchough it makes greater b; 
leſlex. 
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leſſer digreſſions, its reciprocations nevertheleſs throughout are 
equal in time one to arlother. 7 

Fig- 134. In the figure of the former Clock the plane is 
A B, the circle of the Ballance, or compaſs about the rongue 
of the-ballance.C D, its axis or lance E F ; the wing or fpring 
turn'd into ,a ſpire G H M is faſtned to the ſpear of the bal- 
lance in 'M, and to the thin plate of mettal on'the upper plane 
of the Glock in G, ſo truly, thar all: the'ſpires of the ſpring 
cleave to theſe two-props hanged up in the air, touching no- 
thing beneath: NOPQ is a certain covering, or proppin 
in which the other point of .the ballance is turned : R'S is of 
of the roothed Wheels of the Clock, having. a certain, mation 
of the poiſer impreſt on it from meeting with' the 'next wheel, 
and this wheel RS is folded into the Tympane T, made faſt 
to the axis or ſpear of the poiſer, whoſe motion is by this means 
as much maintain'd as there is occaſion. —©@© 2 
. This Invention of Hugerius may be uſed not oply in Warch- 


es, and' portable Clocks, but alſo' in others which-are* put Into 
motion by tiung weights;' and ro which he adds; 'Thir a clck 
made. by the. foreſaid Artifice may” be {ſerviceable in finding 
the Longitude. at Land” and Sea, which I am nor. eaſily indu- 
 ced to believe, for neither is the inequallity 'of morion of Clocks 
more corre&ed by this Invention than by:Pendulums, as you 
may eaſily underſtand by what' 1s ſaid, nevertheleſs *tis very 
uſeful, becauſe it may. be fitted” ro portable Clocks, or Watches, 


which. cannot ſuffer a Pendulum, 


[4 


Fig. 13s... I obſerve that the ſpear of rhe ballance'E'F may 


agitate, and unleſs I am miſtaken, more beneficially by 'a Zone 
or double wheel with ſmooth teeth, 'or little keys after thar 
manner, whereby a pendulum agitates in the fifth problem, to 
wit, if-the little keys C, D, G, H, ©. by turns, or one after 
another, hit againſt the rwo little wings A'and'B, here and 
thereixr, rg the ſame ſpear or lance; for lince, this {pear ought 
tobe mitch thicker and ſtronger than-comrmc nly they are wort 
31n common Clocks, and more reſiſts the impulſes of the wheel 
S R, by reaſon of the ſpire G H. endeavouring againſt it, the 
poiting wheel commonly call'd Serpentine is not fo uſeful, 
which is wont. to agirare the common ſpear of the Ballance. ., 
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LE | Problem. IX, | ; : PITT £0. 1: 
A Check that makes 20 Noiſe, and yet hath a Pendulum: 


Fig. I 36. Fr will not be wing leaſant in this place to deſcribe a 

kind of a Clock which. we found in F:ther M5ili- 
e's third Book. of Statics,, or art of ballancing, Prop. 5.9. where 
he hath theſe things. - 

This kind of Clock, or Watch, is. moſt uſefull, becauſe no 
ſound. of the Poiſer is heard, and therefore may be uſed in a 
Bed-room without fear of diſturbing ones reſt. 

The Lord Setale hath had many of this kind made, and: the 
Artifice was thus : The Clock lf. {rs-of 4 wheels, and one axis. 
furniſhe with little wings or Pinions. 
| The firſt wheel was furniſht with 96 Teeth, and diſpatcher 
half a circulation in an hour. 

_ The fecond: had in the axis 12 little Teeth, and in the cir- 
cumference of the wheel, it had 72 little Teeth, and it accom- 
pliſhr 4 circulations in one hour. -- 
an tir had 6 little teeth in the axis, ind in the circumfe- 
Xence 60 little teeth, and finiſht 48 circalations in an. hour. 
The fourth had 8 Tittle Teeth in the axis, and in the Circum- 
. ference 80, and finiſht 366 circulations in an hour. 

* The axis furniſht with wings which is deſcribed'in the Fi- 
*wuree e, had $ little teeth, and finiſkt 3690 circulations in an: 
10ur,. and fince every - circulation' made one compounded  vi- 
bration, there was 3600 compounded. vibrations,” and* 7200; 
fimple ones; .one compounded vibration is equal to a ſecond. 
Minute, and a ſimple one ro half a ſecond minute, the length 
of the pendutum was 9 inches. 
The whole Artifice conſiſts in the axis B C, and in the han- 
_'dle of the pendulum H L K, which. may be turned about the: 
point G, as about an axis, and the point K was: ingrafred in- 
the point'6. of the axis, furniſhr with rings, which axis while: 
it turns, inforces the arm K I, and draws it in by turns; which: 
you may eahily coriceive, if the arm K I be at right angles with: 
the axis B CG, and beingrafted in the point 6; the reff may ber- 
ter beconceived'if the thing be put into- Execution, than can; 
be expreſt jn words... 
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To determine the number of Teeth and Wheels in Clocks 

CE which have Pendulums, a 
Ly praftice ought not wholly to: be neglected, which is. 

molt, uſeful in dire&ing Artificers, : efpecially ſince it alſo. 
contains a method of beginning, and reckoning, the: number 
of vibrations and circulations of wheels, which is very neceſ- 
fary inthe conſtruction of all other Gngins. +0. 

The foreſaid Author began theſe reckonings, t 


[2 
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1 . TNEIE IT together with, 
the: foreſaid methad. in divers forms.of, Clocks, pogtrneh Wh 
a Clock which conſiſted of two wheels only ; for although it 
is difficult to fit that pendulum, neverthelels if it be accomplifhr 
it will be very exact, fince the meeting of many wheels induce 
always a greater inequality in. motion... £99 

Fig. 137. In the firſt. place therefore ( faith he.) ler there 
be two. wheels, the firſt or lower of 120. teeth, which is. ſup- 
poſed to finiſh two circulations in hour, , wherefore 4t. will be 
equivalent to a wheel of 240 tecth:: The ſecond wheel hath a. 
lictle wheel of 5 teeth, wherefore - while: they paſs through 5 
of the teeth of the greater wheel, the ſecond finiſhes. one cir- 
culation, therefore you muſt know how many times 5 is found 
in 240, Which you will know by Diviſion, and the quotient 
willbe 48, wherefore the ſecond wheel makes 48 circumvolu- 
tions in one hour: And it appears, thar the ſecond wheel of 
35 teeth, each of which effects two. fingle vibrations, fince it 
touches the poiſer twice ; , wherefore each circulation makes 
70 Vibrations, multiply 70 by 4 and"you will find 33609 fingle 
vibrations in an hour, the Pendylum will be Feet 34and ſome- 

_ Fig. 138. I will propoſe another not unlike the precedent: 
Let the fame wheel have 120 teeth which” will make two cir- 
culations in an hour, and therefore will be equivalent to a 
wheel of 245 tceth: The ſecond little wheel ſhall have 6 teeth, 
divide 240 by 6 and the quotient will be 4o, the ſecond wheel 
then. will be turn'd, round 4.0 times in an hour, and ſhall have 
45 teeth ; and becauſe, as I faid but now, each tooth tonches. 
the poiſer twice in each circulation, this number wilt be doub. 
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led ard will take 90, which ”"_ multiply hb 40, and 
you will have 3600 "ſingfe vibratibns in an hour, that is, each 
ſingle.vibration will be equat to a ſecond minute 3 the length of 
oy Pendulum mult be 3 feet : inches and = 2- of our Evglith 
__” 

.Or if inſtead of the 6 reerh of the lictle wheel you put the 
teefh of 'the little wheel $, for' then the-ſecgnd wheel com- 
pleats '4.8" circutrions in in hour, and there! will be-4320 vi- 
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brations in'an hour, the length of the Pendulm will be about 
ewoteet: 
| In the like manner, If there | e given the firſt wheel making 
wb) citculirions th an *Rour, and -of 150: teeth'; the-ſecond 
Rees, Meet.” ' or” that' which” elicoubtcrs with it,” ſhall 
fe. r3 9. Have 4 lirtte-whiel of 5 teeth : Wherefore the di- 
 Yifion being't made of 300 teeth'( which are in two 
cteutarins Sþ by 5, it' will 'make-60 circulations : Suppoſe Go 
tecth in,the ſecond wheel, thar' is, 120 Vibrations in.cach-Cir- 
cutatt on, ir will "make the nitinber 5206, . and"the- Pendulum 
2Bbhr%s inches, that” 1s; each fingle vibration: will be” '<quive: 
lent to Rates econd” mite.” i 
# The lame things being obſerved, except thir the firſt wheel 
compltats only :ohe circolation in an hour, you will have'the 
number of vibrations 3605, andthe Pendulim will-be 3 feet, 
that-is, each*vibration' will be equal to one ſecond minute. ' 
Which Examples I have put only, becauſe! you- may. learn 
this) method bf. finding out other numbers, which Thall ſeem 


more tit. ns | 
4 Clock” heh had Whrels 2 0199 
You Ga TR cely. make Clocks with'Perdulums which hall 
Yale only. rwo .wheels, unlels You make the' Wheels very 
great, "and kg 3 'of teeth Wherefore the rtearer 'Are 
OI9RY 2 es: Aj three. Wheels, and the.lfſer, of fonr : 1-fhall 
oe ige-ar qe Up place ſome: popes; A Glbck hath 
FS ; ht *A tie 6 [ Re of Which th” TIL teeth, and 
£ the Tecond hirl E reds "the, econd wheel hath 
FIRE ke little wheel, Of: "AXIS of-the kd wheeF bach” $ teeth, 
the; wearing Wheel 15, you will have the number of Vibrations 
hs Divi E 142, the number: of . recth-of the firſt (which in 
 hayp 4 Þ ONCE. furn'd about. ).by 5, to wit, the'axis of the 
(ich ba yOu will find" the fecord 106" be rurh'd abturis 
"Ames ; ; and os ſecond hath Go teeth, wherefore multiply 16 
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Book Ix." Mech, wie pri A Fool 
by 69 and 3 you -will find; 950, theie iſo, it paſſes over ys TT Ker , n 
the fecond 1 10 an hour, ky UC nv er you 1 muſt ol FB, wh 
axis of the third, and you will fiid the tbird. ro mak E : 
cumvolations, and it hath 15 teeth which make*3; 30 Jos gle FI. 29] 
brations, mulriply '3o dy 120 you; will have 3500 To le vibra=" 
tions, and each equivalent to a_ſecond. minute, the Teagth of. hs 
the > Oe rdalpm, mult be'abour thy -- "UTI ae 
Gre is better done by ofhe numbers : Let the Rolf have © £6 
” Eh the axis of the ſkcond 5. the ſecbnd 45, the axis of the_ 
chic, 6, the third, Ih, and: this eng gth of 3: fer. is-. beſt for. 
great Clocks: * 

The 3, following. niinibers give the ainber 7200. Vibrati- _ 
ons in an hour, char is, ,2 vibrations 1 in, one ſecond. minute, to. . 
wit,-the'going-and-: Re -and the length of the Pendulum * 
9 inches. I En Ok one” = a FI 
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Length of Pendulum 8 inches, - me 8 inches. © Pend; 4 inches : 45 
The- 
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The following Numbers are for a Clock, which makes 10800. . 
Vibrazzon S. 3h an hour,, or '3.in one re Ren. minute, the! NY 
of the; Pendaluni 4 inches and; + Gthers allo, as thay: be: 
ſeenin the ſo: lowing Table. _ = 
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The following Nuinbers are for a Clock with 4 Wheels, the 
number of Vibrations-in-an hour are-10800, to + hap Vibra-- 
tions anſwer one: ſecond: minute, the length of the Pendulum 
1s about . inches... eiag 
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the Printer, had committed ſome|Errors which, we have. amen-. | 
ded, char they may be uſeful to Abriicers | 
k x ET inthe-laftiTable-you rake Ts numbers propoſed, chang-- | 
Ing” only the number -x 5 of teeth-of -the upper wheel, -and-in-- --- 
Its plice uſing; a, wheel of 20,-teeth, you will have-a Clock __ 
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Book IX; .  Mechanick Powers  >o1 
which will compleat 14400 Vibrations in an hour, to Wit, :4. 
in one fecond minute, and the length of the pendulum will be 
Inches 2 £ ; nevertheleſs becaufe many Artificers will have the 
meeting wheel to have an odd number of teeth, they obſerve 
the precedent numbers, to wit, ſo that only the laſt wheel but 
one which finiſhes 6o circulations in an hour hath 48 teeth ir- 
ſtead of 36 teeth, and makes the ſame number of Vibr:- 
tons 14.4.00. | 

Wheels are divided many other. ways, and the Clocks are 
commonly furniſht with Pendulums ; ſome are ſo diſpoſed, 
that the ſerpentine, or encountring Wheel, is turn'd round Co 
times in an hour, and is furniſht with 6o teeth, and finiſhes tv © 
vibrations' in one ſecond. minute ; or hath 3o teeth, and fi i- 
ſhes one vibration in a minute, then the number of the tech 
themſelves inſcribe ' the minutes which appear conſpicuous 
through a round hole, or through a little opening made in 
the front of the Clock. ah OO TI mg 


Problem. & 13 


To correft perfetly the inequality of motion of Clocks, or other 
Engins that meaſure time, having Pendulums, by apply- 
ZHg a double Pendulum, and by Cycloides. | 


Lthough a- Pendulum applied to a Clock ( as we have 
L I faid ) effects this, that if the impulſive cauſe of motion 
of the wheels be roo ſwift, or too flow, its vibrations tempets 
it, each of which when they meaſure a determinate time, ei- 
ther they agree to the too much celerity of the wheels, or 
they ſtir up and excite their heavineſs and dulneſs, whence for 
the molt part. the irregularity is taken away ; notwithſtanding 
becauſe while the Pendulum refiſts the unequal impulſes of 
the wheels, their vibrations muſt needs contract ſome irregu- 
larity to- themſelves, .ſo that ſome make their excurſtens thro' 
greater-and others thro” leſſer arches ; and it appears by what 
has been ſaid, thar thoſe Pendulums finiſh their arches-in ſhor- 
ter time which make the leaſt arches, and thoſe -in longer 
which make greater or larger arches: Hence 'tis, that by ap- 
plication of a Pendulum all the Itregularity 1s rot wholly cor- 
reed, unleſs tne Clock be ſo fitted that the vibrations be tru- 
ly regular and uniform, | : _ 
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And this irregularity of Vibrations may proceed -from a 
threefold head; the firſt is, the various temper of the air thro” 
which the globe paſſes, for if it be thick it reſiſts more, if hea- 
vier, the motian is not only conſequently hindred by the grea- 
ter denſity, but alſo the weight of the globe is rendred leſs 
ponderous, that therefore they have leſs ſtrength ro cut the 
atr, and it renders the motion of the wheels and the Imperus 
more faint and weak. The ſecond is, the impulſive force of 
the wheels, or other power, continuing the vibrations, which 
if it be irregular, induces in like manner at leaſt ſome, if not 
all, the Irregulariry in the vibrations, and thefe rwo heads may 
be referred to outward caufes. The third is from within, or 
from the nacure of the vibrations themſelves, which are, as 
we have ſaid; that if a globe fall by its own weight, in ſwing- 
ing it will make many vibrations, yet they will not all be of a 
like continuance. 

The irregularity of Vibrations which proceed from the firſt 

head may wholly be taken away, it the Clock with the Pen- 
dulum be included in a caſe of glaſs, or fuch like receptacle, 
wholly unpaſſable to the air ( which how to perform we fhall 
ſhew hereafter ) wherefore it remains thar 'we ſpeak to the 
two: other. ; ; 
To the Irregularity of the third head, which is as it were 
inbred in the fmple vibrations themſelves, a remedy ſeems to: 
be found by the induſtrious Hugenius by the following inge- 
nious practice, the whole Art conſiſts in a double arch of the 
figure of a Cycloid, within which the Pendulum agitates. 

Fig. 141. Let the Pendulum be: A B, which is aguated to- 
and fro by indifferent arches B C, BD of 20 degrees, and let 
this Pendulum hang by a thred or ſmall cord A E of one inch 
more or leſs, according to the length of the Pendulum, whoſe 
remaining part E B muſt be ſtiff ; diſpofe here and there near 
rhe centre A two bowed thin plates of mettal AGH and AFI, 
fo that they touch the lines A D, AC, in the points F and G, 
and the curvity onght to have the figure ofa Cycloid ; ſo it will 
come to paſs that if the Penduliim make greater vibrations, and 
runs out beyound the lines A C, A D, it willrouch the Cycloid 

in the points. F and G, and its length willnot any longer be A D 
but F D, and fo. when the Pendulum is. made ſhorter, its. vi- 
bration Continues leſs time: Burt why the Author choſe rather 
the figure of a Cycloid than another Curve doth not ſufficient- 
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Book IX. - -Mechaneck Powers. 203 
ly appear, nor doth his Demonſtration' ſeem to be lawfdl, 
whereby he pretends to ſhew by this Cycloid that the length 
of the Pendulum is made leffer and lefſer ſucceſſively, while 
it hits againſt the thred AE, and that thar leſſer length preciſe- 
ly compenſates the greater length of time of the vibratiors 
which are made by the greater arches. 
The manner of deſcribing the Cycloid,according to-the Ay- 
thor, is two fold : Firſt, deſcribe a Circle whoſe diameter A' B 
is equal to half the length of the given Pendulum ;' rake in the 
circumference any number of equal parts both ways from the 
diameter as AC, CD, DE, EF, and AG, GH, HI, IK, and 
1oin the parallel lines CG, DH, E1, F K, then make the right 
line L M equal to the Curve or arch A DF, and divide it in- 
to as many equal parts as there are in the arch; to wit,” into: 4. 
parts, one of theſe parts of the line L M transfer from C to N, 
and the ſame transfer from G to O ; moreover two of theſe 
parts L M transfer from D inP, and from H in Q; likewiſe 
three of them from E in R, and from IinsS: Laſtly, all four 
from FinT, and from K in V, and by the points A,O,Q, 
S, V draw a line, and alſo by the points - A, N, Þ;R,T, an 
they will be portions of a Cycloid, between which the Pendu- 
lum muſt be hung from-the Centre A; the right line L'M 
which is to be equal to the arch A DF, he teaches to find in 
this manner : Make X Z equal to rwo chords, ſubtending the 
arches AD, DF, then take X Y equal to the Chord A F, of the 
whole arch A D F, take the third part of the difference Y Z; 
thatisZ A, and add it to XZ, and X A. will be a right line e- 
qual:to the arch. - CE EE a A ed I IGG 
__ The ſecond way is Mechanically;; on 'a plain Table, place a 
Ruler A Bhalf an inch in thickneſs, make alſo a little wheel or 
cylinder of the ſame thinkneſs CDE H, whoſe Diameter make 
equal to half the length of the pendulum ; then a thred orſtrirg 
F C HE being faftned in the point F of the rule, and in ſome 
point E: of the Cylinder, ſo that part of it be wound- about the 
Cylinder, andthe other part extended on the ſide of the rule 
F C; inthe ſame:Cylinder fix an iron ftile'D I, which ſhall 
deſcend a little below the lower baſe, and exactly correſpond 
ro the circumference of- the Cylinder ; theſe things thus dif. 
poſed, if the Cylinder turn about on the fide B A, rowards A, 
{o that the ſtring be always wholly ſtrecht, the ſtile with its 
point I, will deſcribe the cycloid line 1 K, and in the'fame 
| 7 = Ron  man- 
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204 Mechamch Powers. — BookIX. 
manner; you may deſcribe another like and oppoſit unto it, 
and. you will have. the figure M K I, which repreſents the ſpace 
| between the two crooked pieces of thin metral, berween which 
the pendulum ought to agitate, ſo as to make all its vibrations 
in equal times. EAN a re, 

Another late invention. of Mathew Campanes confiſts altoge- 
ther like to a double Pendalum, which is ſo fitted ro the Clock, 
that one of them moves and makes a certain number of vibra- 
tions, the other reſting, and by turns while the firſt reſteth the- 
other finiſhes the ſame number of vibrations ; and in this man- 
ner, 'tis agitated by one after tother, that as ſoon as one - reſt- 
eth, the other begins to move; for if a pendulum of its own 
accord and proper weight falling from ſome certain. height of 
its arch, make 100 vibrations in the ſpace of one minute of an- 
hour ; *tis. certain that another exactly like: the former will e- 
fe&t the ſame number of.vibrations ins the ſame ſpace of time; 
provided it fall of it ſelf from the fame height; to wit, the im- 
pediment being removed in the fame manner which detain'd: 
the pendulum from falling from that Altitude ; wherefore if 
two: pendulums. are fo fitted in a Clock, that, they are both e- 
very where alike, and falling from :an' equal height hnifh 100: 
vibrations in one minute, they will move one after another, 
nor will one begin to move until the other has finiſht 100 vi- 
brations, and. no irregularity can intervene in the meaſure of 
motion, fince each compleats 100 vibrations in one. minute 
preciſely. | + CHRIST ROS 
_ And the Clock may be fo diſpoſed, that while one pendu- 
kim makes its. vibrations, the other pendulam not only: reſts, 
but neither any of its wheels: of the Clock are moved, beſides 
fome one- deſigned for the purpoſe, that as foon. as the- other 
hath made 100 or 6o vibrations, it removes the impediment 
which detain'd both the pendulum and the Clock, .and detains: 
the pendulum firſt in agitation to.-reſt at the ſame inſtant that the 
orcher together with the Clock begins. ro move; then: again, 
the Clock with the pendulum reſteth the impediment being.re- 
moved-from the motion of the other pendulum. ' -- — 

This may be done many ways,. 'as-any one inftruted and: 
exerciſed: in Mechanicks. may eaſily underſtand.; the Author 
thews. one way, . which. becauſe he hath not ſufficiently explain- 
ed it, tis in; vain-to deſcribe it. here. ' + 


| Ard although. I think this kind.of Clock furniſhr with a 
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double pendulum- to be moſt exaR, and ſcarcely to errione 
minute' in an whole day, 'that is, in £4 hours, if it be well-kepr: 
in ſome Chamber, and'be placed in'aniunmoveable-ſite; yer if 
you make uſe of it in - Navigation- to ' find the Geographical 
Longitude, T cannot eſteem it wholly to fatisfie what is deſized, 
for two Reaſons ; firſt, becauſe ir can ſcarce be in the agitation 
of a great ſhip, but the whole Clock muſt conceive ſome m6: 
tion, or at leaſt alight ſhaking, or tremoling in it ſelf, although 
ic be artificially fixt on movable poles; or hangs on movable 
Circles; from which trembling -or ſhaking, the vibrations of 
the pendulams muſt needs ſuffer ſome- irregularity. EE 
The ſecond reaſon common to' all kind of pendulums is, 
becauſe while the pendulum is' moved together with the ſhip, 
it makes not a circular motion, but another motion mixt of a 
Circular .and a . right ; -yea, if: the ſhip- befifes an Horizontal 
motion ' be agitated by other * motions; chiefly upwards and 
downwards,as happens: many times-in an-unquiet'Sea, the mo- 
tion 'of the Pendulum: will be mixt of ' a Circuler,. Horizontal; 
and of other motions. both right and crooked, nor at any time 
uniform, from whence it comes to pals, that while rhe centre 
of the: pendulum 1s irregularly moved, its: vibrations will ' be 
irtegular, and it: will run 'through ſome times greater and 
fome rimes-lefler arches, ov rather :crooked- lines, and altoge< 
ther unlike berween themſelves, as we have ſhewn before. ' 


Problem. XII. 


To reduce the continual moving, and irregular Powers of 
Clocks aud Engins, to a regular. and uniform motion. 


Go- in the preceeding Problem we have taught ways and 
\ means whereby the finite and irregular motions of Powers. 
may practically be reduced to equality. of motion, nothing 
feems now. to:be wanting, unleſs 'tis ro ſhew how to. obtain a 
motion-.equal :arid uniform in powers infinite 'or continu; 
which otherwiſe! of their own-nature 'arei irregular ; which, if 
it be done, we ſhall atrain to.a motion continaal, and altogetier 
equal; nevertheleſs I do not mean that continual motion which 
is altogether mechanical,or purely artificial(of whichin its place) 
butthe other which is called Phy/ico-Mechanic,becauſe that it part- 
ly conſiſts of Art, and partly of iNature ; for- fince no moving 
= Dd 3 power 
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Mechanick, Powers. Book IX: 
power ſeems to be continual or perpetual, unleſs ir be natural, 
or depends immediarely on a natural: cauſe, as we-ſhall manifeſt 
"hereafter, and theſe kind of natural powers or virtues in;nature 
keep not always an-equal order ; it is requifte to find-out an art 
whereby we may effect rhat their force, although unequal, may 
nevertheleſs be ſerviceable to the perpetuating of a motion e- 
qual, and alrogether uniform. TA 
Therefore I call all thoſe perpetual moving powers, or na- 
tural and irregular, ro which we are apt either immediately 
or mediately to apply new weights, or regular, powers, within 
ſome finite and determinate; time'ſucceſhively, ; and ,always to 
the Engin being once made. -r+-- --+ - ll La 


Laſtly, "tis convenient that 
enough, and laſting, before the weight deſcend to the lowett 
place,;far this reaſon, that the natural powers may ſerve turn a 
luthcient time in. the interim,' that the other weight that comes 
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in place of the! former be drawn up; for akhough the- -fore- 
ſaid power be perpetual, yet it aCts. nor. always, ' or at leaſt ſo 
little ſometimes, that although at ſome times ir be more ſtrong, 
oft-rimes neverthelefs.a.time may: be.ex.:eted for ſome hours, 
or alſo days, wherein force convenient may be attained by the 
ſucceſſive and irregular ſeries of: natural cauſes; that you. ma 
more clearly underſtand whats. meant: when:iwe ſpeak of per- 
petual motion, for then we deſcribe various perpetual motions 
Phyſico-Mechanic, from whence: it appears of what uſe na- 
tural powers are, ard by what art they zre applied, that their 
force although irregular may- notwithſtanding. perpetuate a re- 
gular motion to any Engin; I will-ofter only: one Example in 
this place, by which you may eafily judge of the reſt. Tis 
already known to Artificers, that by tmall Breaths, or from the 
ſmoak of a Kitchin Fire, ſpits are wont to be turn'd, that is to 
ſay, diſpoſe in the centre of the Chimny ( which if it be Cy- 
lindrical it will be the better ) a croſs, or ſome wheel, furniſhe 
with wings made of*Tin, in the ſame or like form as is before 
deſcribed, for fo while thoſe wings hit obliquely againſt the 
-Smoak, they carry the wheel about, and if there be in the axis 
a toothed Tympane, . it conveys that together with it ſelf, by 
which means it moves. other wheels annext to it ; a weight 
ſomewhat Sphzrical pur into a little Basket, may be raiſed to 
a certain height, and there put down according as we have 
Aaid at Problem 5th. And to raiſe this weight which is fit to 
animate the Clock in motion 24. hours, it will not be needful 
that wood be always put on the fire, but a fire a few hours 
will be ſufficient each day, if the Clock which is to animate by 
the weight raiſed by the Smoak,be proportioned to that weight: 
Wheretore in this, and any other like artifice, firſt you muſt 
examine how much weight may conveniently. be raiſed by a 
natural power ina limitted time to a perfixt height, and then 
make the Clock or Engin proportioned to ſuch weight. 

What we have ſaid. concerning, Smoak, may take place. in 
Wind blowing, and Wings impelling, which will raiſe weight 
by annexing wheels, alſo if any one in a City, or the Gate of 
an Houſe, diſpoſe a threſhold, or little Bridge, with an occult 
leaver, or a ſpring of thin metral plate a little elevared, ſo that 
by the entring or going forth of Men, of Horſes, ard of Cha- 
riots, 4 weigh: may be depreſled oft-times in a day, from cach 
force a weight of ſome bigneſs may be raiſed a little, and ſo 
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by repeated motions may. be drawn tO a: defigned 'heighr . fo 
the perpetual animating of any Engin. [earn hd fl 


, Problem. XII. 
A Clock animated, or going by Sand, perſevering in motion 
_ many days, and ſhewing: the Hours, and alſo Striking. 


" NA Fter the application of weights, or moving powers, we 
come to thoſe Engins, or meafurers of time, in which 
the circular motion is moſt apparent, and'fince' there are many 
Hour-glaſſes that belong to perpendicular motion, or to an'in- 
clined plane, it remains for the perfecting: of them, thar we 
ſhew how ( approaching to circular motion ) it maybe effect- 
ed that they may turn themſelves by motion of their own 'ac- 
cord after the flowing or running of the Sard, 2nd that nor 
once, but many times one after another, that therefore we 
may not only be freed from - the inconveniency of attending 
the laſt flux of the Sand, while we are converſant in any other 
buſineſs, but alſo that it may not want any help of the hands 
for {zveral days, and each turning about may ſucceſſively ſhew 
the Hours; or likewiſe Strike : Mark what follows. —-_ 
Fig. 143. Suppoſe A B an Hour-glaſs with Sand, ſuch as is 
commonly uſed, in the middle whereof fix a tranſverſe axis G 
H, and in an Horizontal fite, and to the ſame axis let there be 
firmly fitted two Pullies, orirather Cylinders here and: there, 
-movable with the axis by means of: weights Qand- R'hang- 
ing from them ; above the -Hour-glafs make another Horizon- 
ral 2xis IK, movable about the poles T K, tro whoſe fide annex 
an immovable arm L M,with a weight M afhxt to-its end; and 
\ in the middle in like manner, let another little arm N: O para- 
I lell-ro the former deſcend, which may be detain'd\ in its ex- 
It tream part, O, or rather-/elevated: together with the'weight M, 
'by a lictle wing ſtanding out from the-uppet baſe of” the: Sand, 
1o that being hindred 'by the weight M; the: Sand” cannor he 
wholly turned by the weights Q and R, notwithſtanding: it will 
-remain in a fire not- altogether perpendicular, but ſomewhat 
.-Inclined; and: che 'weizht -M muſt- be fo proportioned to the 
- weight of the Clock, and alſo to the weights Qard'R,-thar it 
- may be detain'd in the ſaid inchned fite, untill all the ſand:-be 
deſcended from the upper glats A-into'the lower one B,. and 
when all the Sand is run into the lower glaſs B, it will obtain 
_ greater 


\ l j p 
* f ia; 1, : 3 w —- '* - 
/ aw hd F 5 OT o' , ' _ "2" Piet); - ” 2-074 #, p = 
5 *} \ YR ” D ©» ” : ” 
. - " 
"es | 7 


F482 


ry, hour they make bur half a revolution, i appears.that the 
motion: of the; Clock and the turnings may be extended to ma- 


. 
” a 


ny hours. . ER I SO i a 
Bur if you would fit an index to ſhew the hours, that you - 
may eaſily obtain by means of two little teeth, fixr on the end 
G. of the axis G H and oppoſite. to. each; other, which ſucceſ- 
ſively. and :by turns one, after another, - every turning of. the. 
Hour-glaſs will. move forward the wheel G T,' furniſht. with ſo. 
many teeth as there are hours deſcribed in .the' circle, which, 
may be_ noted by. a.. ſtandipg index fixt in the centre of.the 
ſame wheel; bur if in. like manner youafhx an hour wheelin a 
convenient place to: the fame Engin, ,which may be moved for- 
ward by means of ſome: toothed Tympane, . or wheel, by the 
ſame axis, you may caule the number of. hours ro. be heard by 


friking on 2 Bell. ; of 


_ Many other ways the index may be fitted' to the ſame En- 
gin;} and, the ſtriking of the hours may, be-made,- as will appear 
by what we ſhall FR hereafter, when we thall treat of the in- 
dexes. of Clocks, and their ſtriking. pp = 


' A Clock moving by the Conſumption of Oy! in a Lamp. 


Fig. 4M] a Lamp whoſe part A.B entertaining the 

. .Oyl, is like a Column or Cylindrical, ſhut clofe 
every where, except 1n its loweſt part C, where the Oyl cnters 
ſlowly through a lictle opening into a veſl:] annext C L, while 
the other Oyl is conſumed by the flame L.; in, the foremoſt parr | 
ng Wm 0 - BT] I N 
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take a cetrain' channel; kid folder 6f lie ir" ro_the fore 


| + 
F , | j. . » & <7 > 
N re 


{ja Cylinder, within which"on the puppet 
Q T3 - « + i bd SP FREY £... TS. 13 - FRY a ' FE | - LEO DET 27 6... 
or hidden pulley 1, with an'axis:E F, preſenting or conveying 
on the 6urward viſible face the index of the hovrs deſcribed” in 

| | WD edi: YO Hl O-THOM 5377-19 Qrirrqi 


the'circke G'H Tn 
F into the” Larhp97 or Oylin- 


&r part. make a fecrer/ 


"Theſe chings heing done,” put Off ints the” Larhp, or, Cy 
det A B, upon Which'let2'cube D' of ſipkt matter ( as Cork” or 


Wood”) ſwim, anf'to this you mult fallef'a thred, or car-gut 


D'C'G.IM, wiz. that it may defcend from+the npper ſuperficics 
of the Oyl to C, and being pur abour'the little pulltes'C C, irc 
may aſcend't&T, and be folded about-that pulley ; and laftly, ler 
the other end M ſuſtain'a weight,” yer of leſs gravity than to 
draw "downwards the'cube D,' which muſt always Swim up-- 
on 'the Oyl, and while the Oyl confumes, it-deſcends with 
the Oyl, and draws the thred, or Cat-gur, with the weight M; 
and rurns che pulley I, rogether with the hour Index. 

=. Note, That the magnitude of the little; pulley I, muſt be pro- 
portionate' with: the deſcent of the: Oyl, and of the cube D;; 
wherefore we muſt obſerve how  much-the cube deſcends in 
one hour, to the end that the little pulley -moving, the index 
F may be moved;orderly, - FL 418. GISFLIES Abs SEL z £65. 4073. 4: 
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Moteover the receiver muſt be uniform, . and of one thick- 
neſs, and muſt make! uſe of the ſame nimber- of threds that the 
Oyl may be conſumed unxformty,, and the Lamp may be. fill'd- 
with Oyl, either by a little door, or wigker, beneath C, or by. 
ſome hole in the upper baſe of 'the Cylinder A, which ' after- 
wards muſt be diligently fenced from. the Air 'entring in with 

If the axis of the little (pulley I be fo fitred within the Cy- 
linder A B, that'irs end F ſtick out on the out-fide by . a hole 
made in the ſame Cylinder,and- turn about the Index,” you will 
obrain the ſame” effect without the channel on the exterior part 
I N, which is made to cauſe the-artifice-ro ſeem occult and mi- 
ſreriqus; but that hole mult be fo fizted tothe movableaxis.with- 
inir E F, that there appear no admitrance. for air into the Cy- 
linder A B, for if there be, the Oyl will. wholly deſcend, ard 
be poured out withour the veſſel C L. 

" Alfo the index of the hours may be made in the upper baſe 
A, of the. Cylinder to fir, fo thar the baſe it ſelf be for the 
hour. circle, which may eafily be obtained many ways, as will 
appear to any induſtrious Artificer. SEE On: 

= | NEE Leſtly, 


77. ETFS, 


BookIN. —— Mechorick Pine: - 
---\Lufly,|Bbfides rhe circle and the hourindex, there muy beup-: 


plied a "toothed wheel;; by: whofe means the hours mayAiike; 
and'if. ro make it more ingeniouſly, : you would place a/Jirtle 
Bell within the Lamp'iro give notice of the hours, you mult 

ſolder or glue an open tube fſpirally ro both 'ends of the in. 
ward. ſuperficies of-a' concave Cylinder, deſcending 'abour the 
Cylinder ; and through this tabe, or ichanne}, deſcends the Op 
while it waſts by degrets, and a-globe of light matrer. ſwims. 
ming on the Opl within the:tabei;z-then all things being fo/fic- 
red, that ih each' hour the motion:of the Globe in defending, 
finiſhes one ' whole ſpire, md then it hits againſt 'a- peſtle; or 
ſome flap, or wing, which looſes the movable wheel :from the 
weight,” as is wont tobe done in common Clocks with :wheels, 
fo after the- finiſhing iof: eactv/ ſpace-of the-ſpires, the Globe 
—— the ſame wheel; cauſes new ftroaks: of the hours'on 
OT 111759 107 $175 2235 Dies: (2920! FIFLL GORts IfEt] 30 
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To'make a. pulley Clock, or a.Clock of meer pullies without 
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he:knotsare contratted, oridiftended,-. the: axes. off the pullics. 
may; be raiſed; or! depreſſed; the reſtthat' belongs hereto. as the 
proportiang df! the-pullies 10 each other, are eaſily; underſtood 
from what. is faid before, all thofe- pullies being agitared'by 

the force of the-wetght L; will be: moved circularly; and the 
perpendicular NP; freely moving initscentre.or. point of ſuſpen- 

fion, will be agitated-:by-the.betle -pulley; A:;B, and  the- little 
rod.A M: See thei problema: before cired;':and the other ways of 
applying pendulums ra-Clocks before deſcribed, 

. According to' the Author, : thePullies: muſt” be fo :difpofed 
that their axes move within the flit, or 'notch, and that cauſes. 
the Engin 'to- work.ill, for when the axes gravitate unequal- 
ly from the other Pullies,, or from:the- weight L hung, to :the 
Pullies, they are:crooked.or awty;>and do not retain an hori- 

zontal fite as. they..ought:; , wherefore the axes ſhould rather 
be put into firm holes, and left the chords be ſhrunk or ftretch- 

ed by wet, or drought, they may be wove of metallic threds, 
or wyres ; but if you. uſe common chords the axes muſt be- 
put into ſlits, and not into holes, but the pulley ropes ought 
to: be.doubled, andthe weight» hang to. the lower little puls 
ley, to wit, to the axis of the pulley C D; another. little - pul- 
ley equal to E F muſt be fixt, and you muſt anſwer the ſame: 
in the oppotite face: of--the pulley ; which littte pulley in like- 
manner with another perpetual chord nwuſt ſuſtain the ſame- 
pulley G H, or rather another alcogether like ir, and annexr 
t041t :. Laſtly, another fmall pulley like'.to. I K muſt anfwer on: 
the oppolne . face ,;. then: the; weight, L will. be parted in- the 
middle,. and will- be fuſtain'd. partly by the little pulley LK, 
and. paxtly by the other; oppoſite..; Dy oat riod Too wn 


To render the motion of a Fendulum continual for many hours, 


? 


_ or, alſo. whole days. © 


. 
S. - 9 


# Any Artifices have been: invented: in the ſt;years of this: 
YA. Age, and various. ways thought.on of rendring, or ef-- 
tecting the. motion of ' Fendulums continual; thar they may: 
perleyerc for many; hougs-or days-with ;the ſame: perperual ve-; 
locity ; from whence: allg:.this adyamags. follows, that all. the 
Vioratins are made in equal tings; fpme. of, thelf . Finds .of 
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Artifices I ſhall deſcribe in this place,, which ſeem to me moſt 


meet for the purpoſe, for any. one of his own. ingenuity. may 


take occaſion to think of. others;  - + ; 
Fig. 14.5. Firſt then, let the Pendulum be-A B, ro which at: 
_ right Angles join the little arm AC, and let the upper wheel, 
or toothed Cylinder be D E, which being turn'd about draws. 
with it another little arm D-C,.made faſt:in the baſe of. its.Cy- 
linder near the circumference being rour:d:in the middle, and. 
with. a ſmooth.-pin, ſo that the little arm may be: freely mo- 
ved about this pin, and conſequently while *tis.turn'd about 4 
the Cylinder, or wheel D, the little arm D C. may be depreſs'd,, 
or bore down, which conjoin in C with another httle arm, 
and the angle C being inlarged. will ſuddainly cauſe the lance 
of the Pendulum A B to be lifted. up,. which is join'd in A to 
the wood I L from whence being ſuſpended "tis detain'd, but 
nevertheleſs it freely turns abour the ſmooth pin A faftned- ro 
the wood. ; then ſome ſuthcient weight being added to- the: 
lower wheel G, from this. motion follows the motion of. the- 
wheel. above it F, and. this being in the middle (as.it is-wont: 
ro be in Clocks ) turns. about the. uppermoſt wheel E D, which: 
drawing with it the little arm of the pendulum, the ſame im- 
prints. a. motion to the pendulum, as. long as: there is new 
rope which ſuſtains the weight annext to. the wheel. beneath, 
or loweſt. wheel: oy 
Note, inſtead. of the Cylinder, or little wheel DE, you- may 
fir a toothed: Cylinder having a crooked handle, which will 
lay hold. on, and turn about the little arm D C, ſuch as.is che 
Cylinder M. as ks 
Note alſo, by: how much lefler the:proportion of. the diame- 
ter of the lictl& wheel D. ſhall be to the arm A C, fo much lef- 
fer will. the arches be that are deſcribed by the motion. of. the 
pendulum AB ont a3 
Fig. 147. In: the ſecond: place let the: pendulum A: B be 
movably fixt in. A, in its. lance faſten the arm M.G, which may 
cally run {ſometimes into. this, ſomerimes. into. that. part, and 
fuſtain it. parallel.co the horizon. ; from the middle pact. of the 
ſame arm. M G ſtretch our wood. or iron like a little fork, or 
two. teeth, made hollow, ſticking. out as.at: L, which in its ca- 
vity or cleft admits the pulley E F, ,immovable-and. in an, ob- 
lique fite pur into the axis C.D.;, let this kind. of axis he. fur= 
niſht with a. roothed Cylinder, which will. be turn'd about by- 
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the wheel N, by means of the weight Þ being added to it, or 
'by rheans of other wheels, as you pleaſe : The- Engin being 
diſpoſed in this manner, while: the axis IH is tarn'd about of 


the lower wheel ; in like manner- the middle axis C D is 
turn'd about by the toothed Cylinder, and with it the little 
pulley E F, which fince it obtains an oblique fite, it cauſes the 


arm GM, into which it-is put to run to and fro, and moves 


the pendulum A B. : "He 

Fig. 148. Thirdly, Suppoſe the pendulum D B, hanging 
from the arm A C, immovably fixt in C, and ler the lance of 
the pendulum be ſtretcht out ſomewhat above the 'poinr A, 
trom whence 'tis ſuſpended, to wit, in D; then fit the axis 
E F, ſuſtain'd in the middle by the. arm F, to which join the 
toothed Cylinder L, and let this axis be ftrerched out through 
the hole of the arm F trowards'A. Laftly, in the extream part 
Of it near A, let it be furniſhr with a concave Cylinder, and 
being cur oblique, ſo that the ſetion G D make an Ellipric fi- 
gure ; the Point A from whence the lance of the pendulum is 


ſuſpended, muſt be in the fame horizontal right line with the 


axis E F, and with the arm AC; moreover it ought ro be 
preciſely in the centre -of the ſame ſeftion G D, although 
becaule of the cavity of the Cylinder the point of hanging re- 
mains free in the air. - bh 

Then while the roathed Cylinder L is turn'd round together 
with-the axis E F, the Cylinder D G is turn'd all under one, 
whoſe extream or end being an oblique Seftion, hitting againſt 
che lance of the Pendulum it unites a motion” like ro the pre- 
cedent. _ POS def 

Fig. 449. Fourthly, ler the Pendulum be A B, whofe axis 


.A C carries with it two toothed Cylinders D and E, which in 


like'manner here and there, lay hold 'on the toothed wheel 
D E, but with interrupted teeth, ſo that white one Cylinder 
lays hold'on 'the' wheel on -/one part, the other Cylinder lyes 
upon the'oppofite part of 'the 'wheel which wanrs teeth,” 'and 
therefore the 'whoke wheel 'onght ro be divided into many rows 
of teeth in on'odd number, arid *ris convenient to make-each 
row of three teeth, and between one and ' the other row;'a 
ſpace of reeth left vacant, as much as is occupied by three 
teeth; fo as 6ften-as the weight ſhall be hang 'to the lower 
Wheel H K, this 'being turn'd about, will move the toorked 
Oylinder F, which being in the middle, will moye 'the yy 
oy : 41 
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faid toothed wheel, which biting. the toothed Cylinders D, E, 
one after another, ſomtimes on one, ſomtimes on the other 
oppoſit part, will move in like manner the pendulum A'B a'- 
ternately. STR Wes 6 po, 2954 AG 

And as in the foreſaid Engins, each vibration of the pendu- 
lum is made in a determined part of time ; to wit, inane ſecond 
minute, or in 20 third minute, &c. the proportion of the wheels 
and of their teeth muſt be obſerved, : as in this laſt Engin, if we. 
would compoſe each vibration of the pendulum to an{wer one 
ſecond minute; in the wheel D E, difpofe 25 rows of teeth 
with as many vacant ſpaces between, the Cylinder F muft be 
furnifht with 8 teeth, the wheel H K muſt have 96 teeth, the 
Cylinder G likewiſe conſiſts of 8 teeth, beneath which will be 
another wheel of 96 teeth, to which hang a weight; for in this 
manner 3600 compound vibrations will be made in each hour, 
each whereof will be equal to one ſecond minute ; then make 
fir the weight hung to the lowermoſt wheel, with the length: 
and weight of the pendulum A B, in ſuch manner, that the 
lower wheel be once rturn'd about in an hour preciſely, for ſo 
it will come to paſs that the Cylinder G will be turned 12 turns, 
and the Cylinder F, together with the wheel D E 144 turns, 
and at laſt the pendulum will finiſh 3600 compound vibra- 
tIONs. - 

Inſtead of the wheel DE of diſcontinued teeth, you may 
uſe a toothed wheel common to Clocks, if inſtead of the Cy- 
linder of teeth, laying hold on ir, you tie two little handles, 
which by turns ſhall urge and: move forward thoſe reeth of the 
wheel, by laying hold of them. $25 obs 

Inventions of this kind are excellent, not only in being fer- 
viceable in continuing the motion ot the pendulum, bur alſg 
in making of Clocks moſt exact as is obvious to every confide- 
rate perſon ; which Engins or Clocks have this utiliry and conx 
veniency, that they ſcarce make any. noiſe in their motion, 
fince the pendulum is inſtead of a Ballance, which in common 
Clocks cannot agitate without noiſe. 
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To make a Clock to ſhew the hours on both fides, after a new. 
method, which by a weight hung to either of its fides pro=. 
 ſecutes its courſe, and the index of the Clock proceeds for- 
"ward in both motions conſequently. DS 


2G, 


He Author before cited teaches this Artifice.: See the laſt 
KL Figure of the preceeding Problem, where we have taughr 
the method of continuing the vibrations of a Pendulum ; for if 
you rightly underſtand the conſtruction of the Artifice of this 
Engin, *tis. manifeſt from thence, that it, while the perpendicu- 
lar A B is agitated, the wheel K H ſuddenly changes its turn- 
ing about to the oppoſite part, that is, it begins to move to the 
right hand, when before it moved to the lett hand, the moti- 
on nevertheleſs of the perpendicular will in no wiſe be hin- 
dred; becauſe that in whatſoever place of its arch, the per- 
" pendicular A B lays hold on unawares from its firſt acquired 
I impetus, it will continue the ſame vibration ; but for the follow- 
itg vibration, it will have the favoring impulſe to it ſelf, for as 
much as the parity of the reſt is the motion inſtituted by the 
wheels in this, or that part. Ny | 
The ſame may be obtained other ways, as is explained in the 
foregoing Problem, but chiefly by the Figures 14.6 and 148, but 
yer eaſier by application of a Pendult m, which wc have taught at. 
Problem 5 ; it only remains then that an index be applied ſo, 
thar although the turning of the wheels be made on the Oppotir 
part, yet it always proceeds forward in the ſame part. = | 
Fig. 150. Let the axis A B be continually movable toge- 
- ther, with the toothed Tympane B, firmly adhearing to the ax- 
is, which forces the wheels of che Clock on both fides to this, 
. or clrar part. og Gal 
' In the firſt place, fix 'on the ſame axis,, rwo- wheels with fin- 
gers, or Claws, within'which ſmooth holcs being bored in the 
Centre, and the axis being ſmooth will move freely ; moreover 
par upon the axis two other Cylindrizs G H, and 1 K, with 
11w-like tecth or Jags, each whereot muſt be firmly put into 
the axis, and :turnable together with it, the Jags of thefe wheels 
. bend to the oppolit parts, and are ſtifned in the oppoſit parts by 
wedges,or little pefiles C G, E 1, each of which is furniſht wi 
a little 
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a little prefling wing in preſling its power, that the pins bend- . 
ing:forward to the Jags, admit the motion without much re-_ 
ſiftance, and theſe pins are conveyed by the finger'd wheels 
CD, and E F, to which are fixr ſmooth little pins holding. 
them ar liberty ; laſtly, to the two finger'd wheels, there muſt 
be added a third C E movable with the axis L M, and its fin- 
gers folding in both the fingers of the wheels CDande F, ir 
may *be expedient that the wheel CE referrs to another ſite, 
ro wir, vertical, ( it neceſlityrequire it ) the circle of the wheel 
-being put in points deſigned. | 

Therefore the Tympane B with the axis and jag wheels G 
H, I K fixtin it, are turn'd in either part, for preſently either 
-of the jag wheels will be bound by its bar or pin, and render 
4ts finger as it were Continual, which with the axis leads it 
with it ſelf, and the wheel C E together ; and becauſe this in- 
folds its'fingers with the other wheels, it impells it but in the op- 
poſit-part,in which its'bar or peſtle hinders nor, in as much as the 
oppokhit Jags, holding the former and admitting the motion on 
that part; now if the Tympane B change its turning to the. 
oppolit, then that which was firſt hindred by the peſtle or bar 
will-be looſed, but that which was looſe lays hold on his jag- 
ged wheel, which then firſt begins to move in the ſame part, 
in which his finger'd wheel moved before, and fince the fin- 
ger'd motion is the ſame now as before, becauſe continued in 
the fame part, therefore the motion will be continued, and the 
half of the Fingers CE ; ro which therefore an hour index be- 
ing fitted, will always move forward into the ſame part whi- 
therſaever-the Tympane B with the whole Diat is carried. 

Note, Firſt, That the wheel CE advancing always inthis or 
that part, depends on the jaggs or ſaw-like teeth, reciprocally 
inclining, and turning towards this or that part, whence if 
the fite'ef -both of them be changed by inverting both the jag 
wheels, and the other face being applyed to its ftinger'd wheel 
( the peſtles or bars of the Jags being alſo changed ) the moti- 
on of the wheel CE will he likewiſe changed. 

Secondly, if the wheel C E be led about by the hand in that 
part in which ir was firſt impelled by the fingers C D, and E 
F, both thoſe fingers will be moved, bur the axis with the ſaw- 
like - teeth wheel, refteth by force of this ConftruCtion if no- 
thing elfe hinders, and may in the interim be turned in this or 
that part, while 'tis not moved fooner than the axis L M, 

FE f Thirdly, 
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Thirdly; but-if you will lead.about the wheel C E by the hand. 
in the oppofite part, and not in it which it was decreed to move, 
no motion at all- will follow, but the whole ſyſtem will be firm, 
and will:ſtick, ſo-that the reſiſtance of. the hand detaining the- 
_ wheel exceedeth, *tis neceſlary to apply a proportionate pow- 
er to the tympaneB on each part of- it, which is no leſs a Pa- 
radox than the former ; this conſtruction extends it ſelf ro ma-. 
ny other Problems of motion, as the deducing the librating mo-. 
tion into Circular, to the recalling whatſoever irregular motion, 
ta well order'd Circular, &c. as will:appear in whar follows. 


Problem.. XVIIL. 
The Hydraulic Clack of. Father Bettinus:. 


T* His kind of. Clock is indeed very ingenious, and the in-. 
t vention of Father: Bettinus, and . afterwards ircreaſt. and: 
enlarged.in many things by Father E/chinardus, of. whoſe work: 
alſo I. have often obſerved not without great pleaſure of mind, 
the like Engin made in the Roman College, which performed. 
the effect beſt of any : Therefore. leſt our work ſhould want. 
ſomewhat of thoſe things which ſcent. moſt. of Ingenuity, we: 


have tranſlated this from Bettinas.. 


The outward Artifice of the: Four Tympane.. 


ig. 151. You fee the expreſs form of the Tympane con- 
veyed from the axis.through the centre, whoſe apparent Pole. 
3s H, and the other: pole not apparent, and of the chord IK L.. 
M NP, whoſe two ends are fixt in I, and. the little pulley. K 
(if you pleaſe of Braſs) with a ſmall weight flretching out the. 
rope lightly, that. beyond L it. adheres.about the occult pole :. 
Bur the great weight under the pulley N while the rope en- 
deavours.to.draw the chafed axis, and as it were toothed, af- 
terwards.moves the Tympane together with the Tympane. and. 
ibe number- 4 aſcends, and. after tie Tympane movable pieces. 
£1ther of wood or iron toothed, whoſe form and art we will. 
thew hereafter, and ſome ſuch you fee Q, R, while they hat. 
againſt the movable and changing flire of metral S,.1t Con- | 
netts the handles T V X, being drawn together they raiſe the. 
h:tle hammer on the. fide of. the little Bell Y to ſtrike the. 
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| The art of changing the numbers in the hole, where 4.,. as 
it.were, lies hid under the circular plane, as alſo the art of ſer- 
ting at liberty the teeth under .the plane of the oppoſite Tym- 


- pane, we will ſhew hereafter. 
SefZ. II. 
The inward artifice of the Tympane. 


Fig. # quobl the circular planes being drawn aſide the Tym- 
I 52. pane immediately ſhuts, and-that on the other part o-_ 
pens,as you ſee in the figure annext; behold there appears to you 
the ſuperticies of two concentric cylinders ABC, DEF with- 
in the Tympane, within the concave of the lefler the ſtays or 
props are G, H, in whoſe holes the axis of the Tympane is pur, 
within the Convex of the lefler, and the concave of the grea- 
ter 1s the plane K, which is join'd to the-cylindric ſuperhicies, 
_ and to the circular planes ſhutting the Tympane ; through the 
Jittle hole I of the ſmall plane I K paſſes water tro run, when 
the Engin is moved by force of the weight, and deſcending 1 
GC, the water is preſt by the plane KI. 
| Therefore while the rope abour the little toothed wheel, at: 
ter H by the force of the weight weighing down to the parts 
beholding the left hand as F E, thruſt through G, H turns the 
axis together with the Engin, and the plane K I deſcends and 
hits againſt the water, and preſles it towards the parts behold- 
1ng the right hand as MA; in the mean while the water 
trickles down through the hole, and by little and little the 
plane K1 intercepts the middle between the water, until the 
"water running between more and more through the hole I, 
and the plane KI aſcending to the parts towards A D ( or be- 
holding the right hand ) moſt part of the water which flows 
beneath the plane increaſes the force of the weight hanging a- 
bout the axis H, and- cauſeth the plane K I which now is idlc 
in the parts A D with a little water ( which ir hath not as yct 
deeply flowing above it ſelf ) at length *ris tuzn'd by A D with 
a \wifter motion towards C ( or to the parts beholding the left 
hand ) and from thence it deſcends again and the water pre(- 
ſeth, which again flows through the hole, &c. and ſo perpetu- 
ally by turns the Engin is turned, the Orb compleating a rotation 
Once in each hour. = | 
Fis3 The 
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4 
The art is, that the dropping of the water continue. an whole 
hour, whiles'that after-a ſlow and inſenſible motion of the En- 
gin for an hour, unexpectedly the Engin turns, in the. begin- 
ning of the dropping ; in which revolution the hour.is truck 
on the back parc of the Tympane, -but in the forepart the note 
or figure. ſhewing rhe hour on the dial plate 15 changed. - 


Se&.. II. 


41 eafy and moſt ingenious Art, whereby the number of. hours 
are always changed, and alſo. the hours are ſtruck in the 
hour Tympane without the artifice of other vulgar mevers. 


Fig. 3% invention of which ſtriking. and* changing you. 
153. & ſhall have here in a double figure. : And firit, that. 
which belongs ro the changing of the numbers ſhewing. the-- 
hours ; ſuppoſe on the fore part of the fhur Tympane, the plane. 
to. be drawn afide with the incloſed little boards. 
The circle BCD expofes to the eye that plane on-the fore 
part, to which is affixt in E and-F the Hexagon plane; Ileſlened': 
1n on fide P Q-a half parr-of- one of the other fides ; and that: 
Exagon is the excentric. to the circle A B CD, having a hole G- 
common with the circle ( which is the centre of the circle ) 
in which the axis of the Tympane is conveyed through. The: 
hole under A is. that, under which the number of :the hour. 
Indexes appear on the other part in the little boards, which- 
muſt be noted: in the hinder part-of the little boards, bur in: 
the figure for plainneſs they are noted in the.face apparent to.- 
che eye ; yow-ſee thoſe little boards Joined to little thin plates . 
af mettal- with corners, the ends whereof. are. movable abour.. 
the fixt lictle pins within the little boards. 

The outward-form of the art.you have in the ſeperate H, and. at- 
Tand K ; imagine then the little board H to be in his place be- 
tween I'K, andto ſtand upon the fide.P Q, which is only fit to: 
receive one little board, the other- ſides being large enough for.. 
two, as you ſee in the Figure; tlien. while H' between IK 

 thews the number (which you muſt conceive on the other part ).. 
of the firſt hour through the hole A, and thecircle AB CD. is. 
turned with the Tympane ſlowly ſuppofe rowards A, the little. 
boards 7, 8 fit themſelves ro the tide M L, and: 6, 5, to; the. 
fide LR, 4, 3, to-the.ſide R Q, and.by reaſon of the obliqui- 
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ty, the little board H being-removed from the fide P Q,, in its 
place ſacceeds 2, and ſhews 4t ſelf under a form. Moreover H 
and 12:fit themſelves to the fide ÞP N; 141 and 10, tothe fide 
M-N-; 9 and 8, hang down beneath LM, and 8 ſucceeds in 
the place of the middle 7 hanging:down, &c. and three-always 
hang down without, and beneath one ſide as you fee 6, 7, 8, 
beneath M L ; and by this: ingenious, eaſy, ſimple, and' won- 
derful art the little boards change by turns, and one after ano- 
ther they ſhew the hours; the number of hours being inſcribed 
under an open-bright hole. 

_ Fig. 154. But that which belongs to the ſtriking of the 
hours.is thus; ſuppoſe on the back part of the ſhut Tympane, 
the plane. being drawn aſide with the incloſed roothed little 
boards, that plane on the inner part expoſed to the eye 1s repre- 
ſented by the circle ST, to which is afhxt in V X a pentago- 
nal-plane excentric in the circle S T, having a common ſquare 
hole ( which is the centre of the circle.) in which the axis of 
the Tympane is put through ; there are 6 httle boards quadran- 
gular with teeth ( according. to the number of hours to be 
ſtruck) having baſes ſomewhar leſs-than the ſides of the Penta- 
gon, and they are made faft by-the-corners with thin plates of 
mettal movable about:the ends as you ſee in the Figure, and as is - 
done in the little boards of the hour indices in the antecedent- 
Circle, | 

That you -may- underſtand the form and art the better, you 
have ſer a part Z, ſuppoſe the thin plate (by whofe impulſe 
che little hammer is led to ſtrike the hours-) to be in a, andthe 
Circle in the Tympane to be turn'd from S$ towards 4 T, the lit- 
lir board B with 6 teeth or claws ſtriking againſt -in , ſounds - 
{ix tinklings on the bell for the hours, and preſently falls down : 
beneath 2;.then B being oblique to the parts T, the little board 

d fits it {elf to the fide e, and fo of the reſt in the Orb, as is. 
{aid before of rhe little boards of the hour Indexes. 

Ard it muſt be noted and. effected, thar the little boards. 
with teeth. of the circle ST, fo agree with the little. boards: of: 
the Circle B D-.of the antecedent. figure, that they ſtrike the 
hour, which is- prefently . ſhown. under the :hole, the number - 
of the little board in the circle B D being changed. . . 

-Alfo you muſt take care that the hour plate inſcribed-in the - 
firſt Figure, Sefton the Firir, be. diametrically. oppoſit to the. 
plane K 1 of the figure in Sc&ion the ſecond,. through, the baſs | 
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of whoſe plane th: water trickles down ; and let the ſame hour 
plate be oppoſite to rhe little roothed board ſtriking the hour 
'( not ſhew'd in +the plate }) of the next following number, ſo 
.that when. the ſhining hour eye is below the Horizon of the 
"hours Diametrically oppoſit to the little Bell, and in that eye 
they number of the hour is changed, in the ſame moment the 
toothed lictle board ſtrikes the hour, which being changed the 
hour immediately appears above the Horizon. 

Abgut the hole I, in the plane KI, through which the wa- 
ter flows on both parts above and | beneath the plane K I, in 
-the back convex of the Engin are two.broad holes, through 
-which the water is poured into the Tympane, and when 
need requires 1s preſently all taken out, and through the ſame 
"holes appears the lefler hole I, in the plane K I, that it may be 
look after if any thing hinders the running of the water through 
that little hole, and thoſe two greater holes on the back part 
.of the Tympame, may eaſily be ſhut and open'd by two brafs 
thin plates afftixt with wax, or other fit glue. 


| And hecaule in the beginning of the hours the Tympane 1s 
turned flower, afterwards always {wifter, becauſe of a lefer re- 

© -fiſrance of” Water, therefore in one of the circular planes ſhut- 
ting the Tympane is put a thin plate of lead in.manner of an 
; hook, decrealing by little and little, &*c. 


See, IV. 


£ Obſervations of Father Eſchinard ,70 be praftifed in making 
the foreſaid Engin. : 


he hs Author learned in Experiments adviſes in the firſt place, 
- A that the Tympane be divided in four equal parts by Pa- 
rallelograms of thin plates of mettal, one whereof ought to be 
ÞDoared through with a {mall hole, as is ſaid, but- each of the 
reſt are to be boared with a double hole much greater, one 
.near the faſcia, the other near the inward axis of the Tym- 
pane ; for hence it will come to paſs, that after the water 
hath paſt through by the ſmall hole in an hours time, then 
having obtain'd a freer paſſage, it permits the veſſel to .be 
turn'd about with a ſwifter motion, that in the interim the 
hour may be ſhown by a fign of the little Bell, or the nexr 
ellapſt, or the next to come ; for unleſs the other thin plates 
/ AIC 
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are made with greater. holes, the Tympane will rather return 
than run forward ; wherefore likewiſe an inſtrument may be. 
made divers ways for ſtriking the bel}, ro wit, by making it ſo- 
that thoſe points take up ſomewhat in their ſwifter motion af- 
ter the manner of a Leaver, as. is wont to be done in large 
Clocks with wheels, one end: of which Leaver while it falls 
down draws. the thred to it felf, and raiſes the hammer ; alfo- 
ſharp points fixt to the tables may be fo faſtned ro the hinder 
ſuperficies of the tables, that they may directly behold the 
Tympane, as alfo the centre of the Pentagon may be other-- 
wiſe taken, &c. Rs 

Secondly, The iron plates being waſht over with tin, corrupt 
preſently, unleſs it. be fenced by ſome Sandarae, or varniſh, fit 
for the buſineſs ; Copper cover'd over with tin, or tin only of 
it ſelf, fo thar it be very thin, is beſt of all. 

Thirdly, Beware leſt the place of the ſmall hole be ſo, that 
after ſome time the magnitude of the hole be changed. 

Fourthly, The Tympane muſt be + of one Palm at leaf, 
We p length and. breadth, for if it be leſs it will not ſucceed 

well. | 
 Fifthly, The moſt fit water he rakes-to. be rain water diftil'd,. 
but if the veſſel be made of glaſs, hot water will be better ; 
and. the quantity. of water ought not to fill much leſs than half: 
the Tympane, bur eſpecially ic ought not to come to the inner 
axis, wherefore that axis will be the better, if it be made as 
{mall as poſlible ;. the other, things to be compared with one a- 
nother are,. the littleneſs of the hole, the quantity of water,. 
and the force of weight ; but chiefly you ought ro take care 
| left that hole be ſtopt, which ought to be at leaſt as big as- 
one arch. 

Sixthly, He denies that the thing may be done with Quick- 
falver inſtead of water, both becauſe it requires a greater hole. 
to flow our at, and. therefore alſo a greater Tympane, as alſo 
becauſe It will paſs out. moſt heavily; laſtly, becauſe all mertak 
corrodes, and therefore the Tympane ought to be glaſs, which: 
will be difhcult ro be made: Alſo he denies duſt, or fand, to- 
be fit for that ſervice, ſince. it. ought. to paſs through a ſmall: 
hole by being compreſt in the middle, which is done by thoſe 
thin plates ot mettal, which cannot be obtain'd by duſt: He. 
concludes, if any Liquor be found in which heat and cold doth 
not govern, that is moſt fit, ſo it doth not corrupt the matter of: 
the Tympane.. | EE Seven«- 
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Poſing, wherein he hath made a perfe& Hexagon in the axis 


for the Pentagon, and about ir ſeven Tables are gathered to- 


gether:in the ſame manner as above, every one of which bears 
before 'ir one of the ſeven Planets deſcribed with its proper 
Character. Laſtly, in the foremoſt face appears a circular thin 
plate of metral, but that for one circular hole it hath fix, each 
being deſcribed upon with ſome caleſtial Sign,. beginning, 
viz, from Aries ; then while the axis is turn'd about the 
Planets are moved to the Weſt, but ſo, that in every cir- 
. cumvolution they go back to another Sign placed after it in 
due order. 

Eighthly, He teaches in what manner one Tympane, ſo it be 
large, may ſuffice for ſtriking the quarters of hours ; ſays he, 
make a Vellel, which divide in 4 parts.by 4 -thin plates, and 
then divide it again, but in a contrary manner, .that is, let it 
be cur by the plates in the Section which makes a circle, and 
take away, as it were, + part of the veſlel, whence there will 
be, as 1t were, two Veſlels in the manner of one, then either of 
theſe will be divided in 4. parts ; the plates which divide the 
Tefler Veſſel ought all ro be double in a place, to wit, nigh the 
faſcia, and nigh the axis, to be opened with large holes, and 
the plates of the greater veſſel are boared double in a place, 
but with an unlike hole, to wit, one nigh the Faſcia very 
{mall, and the ocher the axis much greater ; for this is necef- 
fary ro communicate the air .to every part of the Veſlcl, other- 
wiſe the water will not paſs freely through the ſmall hole ; 
laſtly, put the water in ſo to the lefler veſſel thr it may almaſt 
couch the axis, but in the greater vellel as little as may ; be for 
Hence it comes to paſs, that when all the water 1n the grea- 
.ter Velle] ſhall paſs through the firſt ſmall hole, before that 
( ſince”. tis bur little ) the impediment of the ſecond thin plates 
hinders, in the mean while the Clock will be moved 1ſwifter, 
but becauſe this way ir rather returns than goes forward, 
therefore *ris reſtrained by the water put in the lefler Vellel, 
which in the interim paſles through the great hole ; then 
while the Clock in this manner is moved, after every quar- 


ter of an hour it ſtrikes on.the little Bells the number of quar- 


rers elapſt. So 

Note this one thing diligently, viz. leſt that ſlow motion be 

roo ſhort, as not to ſuffice tor the ſtriking of the Bells as often 
oy ow ti os Hy ive We - 
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Seventhly, He aflerts another ſuch like Engin of his own com- 
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gs. is :required ;' alſo nate, that. hence it neceſſarily. happens; 
that' the outer” face of the Clock 1s.a 1:.tle changed ;:far orher- 
wiſe it will fallow, that in the middle of the ſecond hour, the 
number of the hour appears not longer, which evil we may ea- 
fily cure many Ways. tar rag a 
Hence he concludes, that this ſecond diviſion of the Tympane 
may alſo diſtinguith the Tympane for ſo many hours, for hence, 
ſays he, proceeds:great benefit, for you may as yau pleaſe make 
the motion more or leſs{lower for ſtriking the bell,viz. if. you pur 
more' of leſs 'water: into the leffer veftel, although you leave 
the greater veſſel untoucht ; but in this caſe *ris ſufficient, if 
the greater veſſel only be divided with ſo many thin plates ; 
for the ather plates are put only to reſtrain the too flow mo- 
tion; -2s:is ſaid before. 1! | Ent 
. Ninthly, Becauſe thoſe. things which are ſaid ſeem not fit to 
the ſtriking of greater Bells, three 'veſſels axe tro be made in 
this manner : Two of them muſt.be divided into 4. parts in the 
main, as is ſaid of the lefler veſſel for the quarter hours, the 
third muſt be: alſo divided into 4 parts, but the ſame altoge- 
ther after ,the. manner of the greater vellel for the quarters ; 
the water in the firſt two veſlels is. put: in. as. you pleaſe, bur 
the ſame muſt be obſerved as in the leſſer veſſel for the Quar- 
ters; and in the third you muſt obſerve that which we. have 
ſaid of the greater veflel for the quarters : But now if to the 
end of every quarter the third veſſel {as is uſual in great clocks) 
lift up ſomewhat, ſo that it being raiſed a free courſe.is per- 
- mitted to the other veſſels, to wir, to one of thoſe in'the end 
of the hour for. ſtriking the hours, and the other to every 
quarter for. ſtriking the quarters, the thing will be accom- 
_—_— i. ACPTR lb fats GEL EIH 
s Tenthly, The foreſaid Clock hath this peculiar, that it makes 
no noiſe, nor the motion of the Ballance, nor the Wheels di- 
 ſturbs not noCturnal reſt; Notwithſtanding if you would make 
uſe of it ro _rouze you from-ſkeep ar .an-appainted time, you 
may eaſily do it, by taking all the teeth from the Tables, ex- 
cept one of them, which you muſt fix-in ſuch place and or- 
der, that after the prefixt number of hours it may ſtrike on 
the bell, or make ſome other ; noiſe, as is' wont in excited 
Clocks, of which we ſhall ſpeak hereafter : There are alſo o- 
ther ways more caſter, as if you uſe to it the percuſhon of a 
weight, whereby one part of the equilibrated table depreſles a 
G g Cliggur 


LES is Kath + 
: 6 Y. Lt, ſy 


ine PO fr vb” 6 ny 5, 
226 Mechamch Powers: Book IX: 
Cliggut, ſomething ſallying out into'the room, and; you may 
encreaſe or diminiſh-che percuſſion of the weight,' by -making, 
a: greater or leſſer hole in the other three. plates, which: have 
large holes for the ſwifter morion, &c. But it you add: one 
wheel, you will find ſeveral eaſy ways. EET 
| The Author concludes, that hence all thoſe Engins may be- 
ſupplied by a ſhort Compendium, which are not wrought but 
by many Wheels, eſpecially in thoſe which: want temperate 
motion. - PD TE UL OT 17 TG CT THT 
- Moreover he adds many other things to: equip: this Engin, 
and, Firſt, he ſays, the veſſel may :be ſo accommodated in the 
outmoſt part, that at what time: the Clock 1s moved ſwiftly, 
whether before or after the. Strokes. on: the bell, little boards 
being placed, or ſuch like, as is wont in. Hydraulic Organs, it 
Will utter a conſort of muſick; either. in ſome Cimbal, or on 
lictle: Bells. harmonically diſpoſed. | 
Secondly, It the Clock be hung after the uſual: manner to a 
wall, and to its fide, fome plane table be made faſt to the wall 
through. the length, that it be parallel to the horizon, upon 
that table may be placed the Sun in its. courſe, a hidden ſtring, 
being. drawn which: rends rightly to the Clock, which may 
be drawn by .the- veſſel. in-its.circulation-z and -on the wall: 
you may diſpoſe in right order ( in the way through which 
the- Sun runs its courſe ) the heavenly houſes, whence each 
hour, a little Image poerically adorn'd appears, which ſhews. 
the hour,on the right hand next elapſt of: rhe Sun, and' on the 
left hand. it leads ſome off the -heavenly Signs, or ſome ſign of- 
| the Zogiack addicted to that. houſe, &c. thus thoſe little Ima- 
ges. will: appear every one to: his time ; put croſs: in the way- 
by which the Sun paſſes, fome little board, fo that when the: 
\ .. courſe: of the-Sun being moved by the ſwift: motion of the- 
Clock, being carried in its. Eourſe, it hits againſt one end of.” 
the little board:; which if rhe little board be placed: in man- 
ner of a leaver, it may: ſo: be: accommodated. that. while one: 
_ of its. ends is drawn, by the fervice: of the: other end with ſome 
. ſtring added ro. it, the little: image is.brought. forth to.the Sun, 
and there lefr. Fry 1-0 
Thirdly, Beſides. that heavenly motion, that- number which 
thews the hour next elapſt. may. be ſo accommodated, that the 
lame fite and face may ferve, as welk in its Apogeon, as in its. 
aicent and. deicent,. to: wit, it there be put to the-little. plate: 
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rable, char it may moſt cally be turned abour Jts centre. + + - 

Fourthly, Almoſt in the ſame: manner, in that circular ſuper- 
ficies whoſe half partalways appears divers ſmall Images may be 
afixt, ſo that they always remain aright, by. means of Tin, or 
ſome other heavy, thing added to their feer, and'in going for- 
ward they: may. ſhew the quarter hours, ec. , En ug) 

Hitherto-we have added: no Wheel, but if we add one or 
two, you will attain many fine effe&ts. Firſt, a toothed wheel 
may be ſo placed on the vellel, rhat its axis may fall right on 
it, and on the extream circumference of the veſſel many iron 
ſtiles may be put, which while the vellel is turn'd about they 
move the overthwart wheel placed: above, by hitting againſt 
its teeth, moreover you. may; conſtitute a Load-ſtone on part 
of the wheel placed above ; now if you faſten an Image with 
a wyre, With an iron fiile in it hands, according to the motion 
of the Load-ſtone, it will ſhew the hour, &c. 
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To make the Indexes of Clocks, fo that they ſhall deſcribe 
not only Circular, but any other Figures by their motion. 


T* any one would adorn the Index of a Cleck with the 


Arms of ſome Prince, or City, to. diſpoſe it in the form of 


a ſhield, of a heart, of a croſs, &c. fo that the ſame being artiti- 
cially made, or a ſmall image, or any. other ſign performing 
the ofhce of an Index, the numbers of the hours being in- 
{ſcribed on the parts of its figure, in whatſoever order they 
are diſpoſed in, it will ſhew ſucceſſively ; or that an Eagle 
with its bill, or a Lion with its tongue, ec, There are divers 
Artificers in Father Schottus Technica, Book 9. Chap. 5. the moſt 
uſeful whereof we will here impart. _ 

Fig. 155. To deſcribe the moſt difficult figures of moving 
Indexes aflume the artifice of a Parallelogram made in this man- 
ner : Firſt, of ſolid matter, viz. of iron make four rules A H, 
AK, KL, H M,. which in the Soom A, H, C, K, fo join with 
curious ſmall pins, that the ſquare may freely be ſtretched 
wider, or contracted narrower ; then to thoſe portions, or 
parts ſtanding out on each fide CL, C M, join by the fame ar- 
Gg 2 tifice 
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tkce a8'rhany more ruks,” but thorter, 'arnd'T'you WHI, Yecrea- 
ſing in the {ime proportion; ad tn the conniecting vr joyning 
_ pbints, freely turning. | AUF, 

- Secendly, On that face of the Index that hes hid rowards the 
Clock, conceive a. hidden roothed wheel CDEFG B, to wit, 
{0 as thoſe Indexes that are wont'commonty t0 furn once ih 12 
Or 24 hours, in this being made hollow, or ' any other way 
heted; underſtafid a Intle Channel AC, fo that within it a 
little nail, or pin C, may be pur ſticking our from the Paralle- 
logram towards the Wheel, and may run to and again, this way 
and that way, withodr refiftahce. ' 

_ Thirdly, Fix a "mall pin A in the Center-of the toothed 
Wheel, and then between it ahd the other 'litthe pin C, which 
ought to run/in the little channel or groove, a Spring, or fome 
impulfing Spire, beirtg 'pur berween by a Wyer of -a competent 
thickneſs in the manner of a wreathed Cylinder ſcrew, -draw- 
ing aſide as much as is requiftt the little pin C, from the other 
fixt pin. A ; .which Spire perhaps may..more conveniently be 
made of a Serpentine plate drawn and bowed. 

Fourthly, Propoſe now any figure which you would have 
the hour index deſcribe with its point ; ſuppoſe a Hexagon, 
or figure of fix ſides: Cur then in the plane of. the Index a fix 
iided hole CDEF GB, whoſe Center is A. rn 

Fiftbly, Upon the whole Parallelogram, and the hole that is 
cut, place ſome figure, as of an Eagle, or a Dragon, @*«. fo 
'thar its "neck touch the rexture of the Parallelogram and hide 
it, ahd the dther part of the bolly. be ſpread over to the hole 
that is cut;; Moreover that Parallelogram being wove in the 
[neck of the figure by more'of the fame Rules placed between, 
inthe likenefs of a het, and 'move artificially after the manner 
of feathers, or the Scales of -a fiſh, &c. 

The hour 'Wheel therfinrercepring the. pin C in its groove, 
Carries it a long with it; ahd this from the drawing prefling 
piateplaced'berween A' EC; and the - cut. Sexangular hole, vor 
ancluded berween other limits, will cauſe the'Eagle, having a 
 crown,croſs'6r ftar on-its'head;or a Dragon with his tongue or 
ſting, to deſcribe the fame figure, and ro ſhew the hours de- 

{cribed in its mb. A 

. In the deſcribing of * other figures, as of 'a heart, -a-roſe, a 
 fhield, *e>c. the Thduftrious will find -it eafy 3 another © motion 
way eafily be.given vver and above, to a' Lyon, at Eagle, or a 
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Dragon, ec. that this ſpread his Tail, that tols its Spires, the 
bther open its wings, &c. atid that either by the ſame artifice, 
or otherwile. 
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Problem. XX. 


—_ 


To perform the ſame more Compendiouſly. 


\ Lthough the foreſaid Artifice is univerfal, and extends it 

ſelf ro many figures, yet-this preſent Propoſition may be 
reduced to practice, with leſs charge and trouble, eſpecially 
to the eaſter; as Ellipſes and Polygons, and moreover may be 
applied to other Paradoxical affections. | 

Fig. 156. Let ABC be a rod of mettal, having a round 
hole in A, but in C where it bends, it ends in a little ring, or 
other ere hole C E, through which paſles another rad DEF, 
which bending in the-like little ring F-B, and in like man- 
ner made faſt to the former rod, and cloſe or touch each other 
ſo lightly, that they are carried on one within the other to 
and fro freely ; in the end D is made an arrow, a little Star, 
or other-fach like ſhewing Apex. - 

Secondly, Underſtand in that plane in which the number of 
hours are inſcribed ſome figure, viz. a Square to be deſcribed 
GHIK), and nigh to its deſignation cut a channel or groove of 
any depth, and its breadth, ſo that ſtanding out from the little 
ring it may receive the point B, that it may run freely in its 
Channel. _ 

Being placed then, .and-fixt to the hole A in the Centre of 
the quadrate, and to the ſtyle B in the ſame cavity, if this 
whole joining together of the Index in the point A be turn'd 
about by the Axis of ſome Wheel, or led abour circularly any 
other way, the:end D muſt needs 'deſcribe a Square figure, or 
another after the ſame manner, as is the Channel in which the 
ſtyle B is led abour. HT | EY 

Nore, Fitſt, the fame Inſtrument may be more ingeniouſly 
made of two rules, in one of which a little channel is drawn 
out in length, and the curſor runs ro and fro in the other by 
rutns.; bur the Artifice may be ſo coyer'd,. that the .contration 
and diſtenſion. of the rules cannot ealily be nored, in;producipg 
the tule DEF beyond the ceatre A, &c. Secondly, If between 


the 
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the rings E and F you put a wire, or a divided plate' of mettal 
it will not be neceſlary ro hollow it in the plane, bur only cur it 
out from the thicker plane being laid upon the other, or by 
the rules that frame the Poligon. EEO _ 

It you atfe&t Paradoxes, hence you may eaſily deduce, Firſt, 
that by the continual drawing and revolution of one and the 
fame common compaſs, you may deſcribe a triangle quadrate, 
&c. for if one foot of the Compaſs be fixt in the hole A, and 
and the other firmly lay hold on the Style E ſticking our, and 
being led about by the compaſs, the ſtyle will deſcribe ſuch a- 
nother Figure D, and was the little hollowed Channel, or ano- 
ther ſuppoſed plane terminated by acertain figure. 

Secondly, If you would deſcribe a circle by the ſame opening 
of the compaſles, and not from the Centre of the Circle, you 
may do it almoſt in the ſame manner, which doth not require 
thar the point A with the foot of the Compals be in che mid- 
dle of the figure, as is manifeſt. | 

Thirdly, you will increaſe the admiration, if you add the 
deſcribing a Triangle, a Square, an Ellipſes, e&c. greater or 
leſſer, with one opening of the Compaſles, and you may effect 
it thus; Produce the length DE F towards A, and let the little 
ring or Curſor B F, have a ſcrew, or turning joint in F, that 
the compaſles remaining at the fame diſtance, and only the 
relique DEF being drawn from, or intruded from all the reſt, 
and the foreſaid turning joint may be faſtned in F: More may 


be added by the Ingenious. 


head 


— — -— 0m IRE 


Problem. XXT. 


' To make and incite a Chronometric Index to - an Elliptic 
figure, by a certain and peculiar method. 


-— AN Lthough both the foreſaid Artifices ſerves to deſcribe 
Ellipſes, yet the Author adds another, taken from a pe- 
culitar Geometrical Inſtrument of Guido-vbaldus, or rather de- 
| duced from the ſame foundation. 
_ . Fg. 157. Three planes, or thin plates, are to be conceived, 
* the firſt is of an indefinite figure, which is deſcribed by the 
-: Elliptic Index ABC D, this is boared through in the middle 
an the round hole HEFG, and moreover cut in with four ſlits 
FT "= 
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at right angles which are IE, KF, LG, MH, and join'd to- 
ether with a round hole, the length of the ſlits is as much as 
e Semidiameter of the hole. a: 
The other Plate Þ L is circular, which hath on that part ſome 
Index. which is laid open to the view of Spectators, being put 
upon the former ſlits, and therefore touches the foreſaid hole: 
of the former plate. | 
The third. plane cf the orb-is IK LM, touching the ſame- 
hole on the other part of the middle, and of the flits of the 
plate, and this therefore lies hid all within ; irs Centre is the 
{ame with the Centre of the round hole, and it hath Glued or 
Soldred to it, two Segments above and below the Centre, be- 
ing cut through by a circle on its Periphery, that perfectly fills 
the ſides of the hole, and razes while they turn within the 
hollow of it ; the thickneſs of theſe Segments is the ſame asthe 
ſlits of the plate, with which they are therefore equal and alike. 
* The conſpicuous Orb P L hath its Centre in that. point, 
which is poſited in the Periphery of the Segment H E, Glued to 
the hidden orb MIKL ; Inthis point a hole is made through each 
orb, to wit,the conſpicuous P L, and the occult M IK Lito which 
hole afterwards a ſmooth little pin is put,to join each orb freely. 
In the conſpicuous orb. P L on one face which beholds the 
middle, or lit plate, are fixt rwo little round nails I and N, 
of the ſame thickneſs as the breadth of the ſlits, within which 
chey ought to run to and fro moſt freely ; the length or height 
of the little nails or pins is the ſame as the thickneſs of the ſlits, 
and the plates, or ſomewhar leſler, teſt thy rouch the occult orb. 
through thoſe ſlits, and raze it.in the motion ; they are diſtant 
from each other the interval I N, equal ro-the diameter of the: 
hole. Tn | 
In the inner and occult orb make the hole R ſomewhere, 
into which enter ſome little nail ſticking our for that end in the 
diurnal Wheel of the Clock, whether it be turn'd: once in £2 
or 24 hours, the Centre of which Wheel ought exactly to an- 
{wer to the centre N of the hole: HE F G,and alſo of the occulc 
orb IKLM; the diftance of the hole R, and of the little Nail 
anſwering it, will be the,fame viz. RN ; it is the ſame, if in the 
diurnal Wheel of the Clock a hole be bored through, and in 
the point R of the orb a kitle pin anſwering it be fixt. . 
The foreſaid pin then heing entred in the hole R, will cauſe 
the occult orb IK L.M to- move about, being. laid hold on 
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232 Mechamck Powers. Book I 
Dy the Wheel of the Clock, and will carry it forward ' from 
R towards M; and at the fame time a hand being formed, a 
Lilly, the Sun, or ſach like, the Index P will proceed for- 
ward to the oppoſit part, and by its apex deſctibe the Fllipſig 
ABCD, to which hours unequal ſpaces are deſcribed diftin&- 
_ Iy, which nevertheleſs are finiſht in equaltime, to wit, hourly, 
by the Index. | A 
_ Since the conſpicuous orb PL, on this face, on which *'tis 
beheld, is alrogether plane and whole, you may for ornament 
inſcribe on it, either the Eftigies of the 7 Planets, or the 
figures of the 12 Signs, which indeed have no other ufe, than 
that they are turned about wonderfully to and fro with the 
orb. that he that is ignorant of the ſtruEture, and its make, 
can hardly conceive it, becauſe that the orb is moved: with a 
double motion, one by which its Centre E 1s carried circularly 
abour to the Periphery of the hole EFG H, and the other 
Eliipric, whereby the other parts of the orb are carried. 
\. The Internal F H berween the two Segments is therefore 
left, that the little nails I and N may pals in a right motion 
through it diametrically oppolit without obſtruftion from one 
{lit to the other. See Guidubaldus i the Demonſtration of the 
Planiſphere, and Bettinus bis Comments on the 28th. Propoſition of 
the 6th. Element .of Euclid. ELSE 
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Divers ways to make a right lined Index to ſhew the hours,or 
uarters of bours, by a right motion, aud then to return 
= Zack agarn. 7 En 


Ake a plane Wheel ABCDEF, whoſe middle 
2+ 2V4 ipant DEFA 3s furniſht with teeth, but none 
in the: other. parts, the axis A G H D lies directly over, or upon 
the Centre, or diameter'ot this Wheel, carrying two toothed 
'Tympanes A andD, alſo two toothed Wheels G and H, which 
all firmly adhere to the axis A D : Thirdly, make the Oblong 
I'K LM, three of its fides being of Solid mertal, and the fourth 
"KM is cloſed by the figure of the Sun, or any other fign, mov- 
ing forward by a right lined Index, which nevertheleſs may 
be placed moſt conveniently in the middle of the oblong ; 
: Fourthly, 
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Fourthly, to the two longer ſides IK and LM, make the teeth 
of the Wheels G and H to agree to the teeth of the other, viz. 
to the face of thoſe ſides which the Wheels G and H behold 
and touch, for that oblong is conceived to lie upon the Wheel 
G and H, and theſe to cover over the ſides IK and L M. 4 
The half roothed Wheel moving then in the firſt place from 
A towards B, will move the Axis AD, with the Tympanes 
and Wheels in the ſecond motion, with which in like manner 
is Carried on the oblong with the Sun K M from K towards B; 
and the length of the fides I K, LM of teeth ought to be in 
the ſame ratio to the Wheels G and H, as the Semiperiphery 
DEFA tothe Tympane A or D equal to it; Secondly, and 
becauſe the plain Wheel is furniſhr with tceth only in the 
middle part, which begins to impel the Tympane A Firſt with 
Its teeth, the Tympane D oppotitte to it is hindred by none, 
much leſs when the whole axis and Wheels are turned, and by 
an unanimous confent both wheels G and H the {ſides of the 
oblong, are ſo long forc'd forward by an uniform motion, as 
the channel'd Cylinder A is impelled ; Thirdly, when firſt the 
roothed Semicircle approaches to the Tympane D, and begins 
ro ſer its teeth in it, in the ſame moment the Tympane A is 
freed from the force of the teeth, and is turn'd to the oppoſite 
part, being led by the other ; from whence allo the oblong 
removes the track out of the way to the oppoſite part, as long 
as the toothed Semicircle forces, which it ought to perform 12 
or 24 hours, or, it -you pleaſe, bur one hour : Fourthly, this 
whole artifice 15 hid beyond a certain table equal to the oblong 
of the Index, which therefore is divided into 12 equal parts, 
or hours, and the number of the hours are deſcribed in a 
double row, the uppermoſt of which from 1 to 12 ſhews the 
Afronomic hours from Midnight to Noon, and the lower from 
Noon to Midnight, or otherwiſe. I 
It may be done eaſier, for the weight in the ſpace of time 
in its deſcent of the whole height, either in a plane vertically 
erected in ſome place, the ſame horary intervals may be de- 
ſigned; and the fame perpendicular motion of the. weights 
may eaſily be tranſlated into an horizontal one, by a Pulley pur” 
between, on which put a ſmall chord, and bind it to the de- 
ſcending weight ; or if you find that inconvenient, fit a Pulley, 
or Cylinder, in ſome Wheel of rhe - Clock, meaſuring time: 
by its motion, for a Chord . being. folded to the Cylinder ac- 
H h | cording 
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Cording to the various magnitude of the Pulley, or to the num. 
ber of its revolutions made in an hour, will give divers horary 
ntervals in the plane defigned on the Wall, or other plane of 
2 competent length, in which, if you pleaſe, you may hide 
the Artifice, and within or behind the table of the right lined: 
Irnd:x you may place a piece of load ftone from the weight 
by the foreſaid little chord to move forward ſlowly being. 
looſe, and withour the table, in the fight of every one, may be 
moved by the hidden load-ftone an Iron gilt with the Sun, 
or Phaeton driving a roſey Chariot, a Chamelion, or a kind of 
Sea filth, ec. 
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Problem. XXII. 


—_ 


To FEfet the ſame another way more ingenious than the for-- 
mer. 


Fig. 159. Jy Ecauſe the foreſaitd Author appoints' in the firſt: 
| practice, that the toothed oblong forcing the In- 
dex, and lying hid behind the table, while '*tis conveyed to and. 
fro of its own accord; requires another ſpace equal:to the table 
ro which it allows and: extends it ſelf : and: in the latter way, 
whether he appoints it by finite or perpetual” Chords, he doth 
it either by attra&tion of ſmall Chords, or of the Index by a 
finall. chord, from whence *tis-moved-forward, therefore I have. 
thought on the following way whereby both thoſe defetts. 
may. be reinedied. RR 
Let therefore the whole length of. the table of- the right: 
fined Index be AB, or CD ;. take a chord, or ſmall rope, fix: 
' rimes the length of A B,and Join the ends to make it perpetua).,, 
as EABFD<CE;. Pat this about two Pullies,.or Cylrders E and 
F, moving freely about their Centers, fo thar the ſmall Chord: 
paſs occuitly under the upper border, or hmb of the table A B, 
and. of the lower C D; Secondly, let there be alfo fome Index. 
as G, ſo fitted that it may. move forward- to and fro through: 
the whole lJergih of the table freely, which may be done. 
thas; ir may. run to and fro within two little Channels; or- 
$ro0Vves, cur in the upper and lower limb of the table, or by 
rwo other metallic Chords, or wyers, ſtrongly extended ard. 
hung in the. {ame kmbs, and: it ſtrains them lightly vil - | 
| OOLC. 
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looſe little holes, of rings, through which the chords are tranſ- 
mitred ; then the Index G will be moved forward in theſe 
channels, or wyers, perpetually by the little rope to and fro in 
this manner : Becauſe the perpetual little chord is fix times the 
length of A B, divide it into fix parts, as A B, BF, FD, DC, 
CE, E A; moreover in the three points of diviſion A, F, C, 
omiting one interval, or ſpace, bind or faſten juſt ſo many in- 
forcing flexible obſtacles with this condition, that paſſing by 
the perpetual ſmall chord through the rwo looſe rings of the 
Index G, wiz. of the upper and lower, the obſtacle hitting 
againſt the ring of the Index moves forward the Index ; and 
the Index arriving and conſiſting at the extream fide A C or 
B D, the obſtacle being drawa by the perpetual chord, never- 
theleſs going forward paſles through the little ring of the In- 
dex overcoming, that {mall matter of reſiſtance. To this end 
you muſt rake ſmall ſtalks cur off from the Quils of Birds, or 
Horſe, or Swine's hair, or the ſtrings of a wood-like White- 
thorn ; then theſe three obſtacles being conveyed overthwart 
© by the perpetual chord in the points A, F, C, and fixt ; Con- 
ceive now one of the pullies E or F to be annext with ſome 
wheel of the Clock, as with the diurnal when you: would 
have the Index to be of 12 or 24 hours, or with the hourly, 
or quarterly, &c. if the Index ought to be hourly, or of quar- 
rers : Let ir be hourly, and either. of the pullies E or F to move 
regularly circular by the hour wheel of the Clock from 
whence it will be incired, or by another perpetual Chord, or 
by a toothed Wheel, &c. And make the motion of the 
Pulley, and of the perpetual ſmall Chord, furniſht with the ob- 
ſtacles, or ſmall firings, or hairs, the upper from B to A, and 
the lower from C tro D. Underftarid now the Index G, to be 
brought by the horſe hair, or other ſtring A, from BD to AC; 
Then becauſe the Index cannot paſs further, the horſe hair 
notwithſtanding being drawn by the perperual chord, it will 
paſs through the ring of the Index, which it will lay hold on, 
and will paſs forwards towards E. At the fame time the hair 
or ſtring C applies to the lower ring of the Index, and the In- 
dex being free from the former hair A, draws it back with 1x 
ſelf from C rowards D, then the Index hitting againtt B D the 
- Margent of the table, this lower hair will paſs through its ring, 
in the mean while the other hair F is now found above, which 
Index that it may remove it [orees away, and this reCIprocatio j 
Ha 2 | O 
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of the Index endures as long as the motion of the Clock, if you 
diligently obſerve what follows. 

Fir, Obſerve the Compendium in the beginning of this 
Problem ; for whatfoever is without the table A BCD of the 
Index, you will contract to a leſs fpace, if you wind about the 
Pullies E and F once or twice thoſe portions A E C, and B FD 
of the perpetual chord ; for in this manner thofe Cylinders, 
or Pullies, muſt needs be moved near to the table of the Index, 
and always to its top, as the Centers of the Pullies E and F an- 
twer to the extream limbs of the table A C and B D: 

* Sccondly, to continue that rectprocation of the Index with- 
Qut any error, you muft rake grear care that the precedent 
obitacte, or hair, pafs through its firſt ring, and leave it before 
rhe ſucceeding one fieze his, which you may eafily obtain if 
you do nor permit the Index to: come to the extream terms AC. 
and. B-D, but a little before it touches them, "tis forc'd to ſtard 
tif, and is freed from the former mover, that the other com- 
ming too, which was firſt diſpatcht by the former obſtacle, 
may find out the Index, which will be done in a. ſhore 
time. 

Thirdly, Becauſe ar the firſt afp<& of this Index you: cannor: 
know whether it goes forward or backward,therefore the thing; 
may be ſo ordered, that one Index in going may turn to the: 
tpeators a face of one colour, and. the other in returning a: 
colour contrary to the former. If yet the number of hours or- 
quarters above, be gone forward from A to B, and the lower- 
from B C, it will be known preſently at the firſt aſpe&t, whe- 
ther the Index. goes forward or backward. 


p— 
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| | Problem XXIV. 


To make the ſame power which: moves the hour Index to ſtrike: 
the hours alſo. 


Ather Schottzs thinks it may be done by a. fpring; or ſteel: 


- ſpire ; for {ince each ſpire after this manner hath rwo.ends,. 
gentral and circamferentiah one: of which being. drawn, each- 
rerurns to.the oppokir parts ;. fays-he; one end, wiz. the Central, 
may. force the Wheels of the Index, and the other the ftriking, 
Wheels, or the. Contrary ; And he. athrins. that. the irregular. 
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force and reſiſtance of the ſpire may be made fir by the artifice 
delivered by us before, notwithſtanding this mult be diligently 
obſerved, that fome certain time mult be appointed by the 
Artificer, wherein the Clock is to be drawn up, and then ac- 
cording to the number of Pulſes of each hour the other loote 
end will be made fir, the Cone of this other end forctzg the: 
chronometric Wheels ; But in this practice ſome difhculties oc- 
cur, Wherefore I eſteem the following practiſes of the ſame: 
Author more apt. * | | 

Fig. 124. | Firſt, therefore conceive in the Figures of Probl. 
24, the two Pullies A and B, to be fitted to the rwo whirling. 
{iſtems of the lower Wheels, that is, to their axes; one in- 
deed: to the Chronometric ſyſtems, or circumagent Index, 
and the other to the ſtrokes deſigned ; for 'tis maniteſt 


from the right underſtanding. of hanging of weights, that 
one and the ſame weight 'D ſerves both for the carrying. 


about the Index continually, and to the ſtriking of the hour 
Wheels. IT 
Note, Firſt, the Pullies A and B in Fig. 124 muſt be under- 
ſtood to. be fo placed as you fee them deſigned in Fig. 125. 
Note, Secondly, if you do not make ufe'of a perpetual chord, 
but a finite, then you muſt conceive that Chord toi be perpetu- 


all diſle&ted, and to each end a weight, or poyſer, to be hung; 


to.continue the Chord within the Pullies A and B. Note, Thirdly, 
both ways here requires. this weight D to be as heavy again, 


as that which is ſufficient to- carry about the other Wheels all 
at once : If therefore to each: fingle weight that motion ſhould: 
be effected, you may make uſe of this following. ( although: 


more laborious ) practice. 
Fig. 160. Secondly, make the Axis AB ſtrong, and like a-tree; 


or Cylindric, and ftabliſhr in the points A and B, pur on to- 
this two toothed Wheels C D and EF, each of which fholE 


have in its Centre a Cylindric Tube A G and BH, join'd or faſt- 


ned. together moving freely about their Axis-A B: And to the 
ends of theſe Tubes G and. H, muſt be faſtned a little orb, or: 
Jagged Wheel G and. H, having. but few Jags, or teeth,;as 12 or 
16, but very deep; Thirdly,.to the fame Axis A B between each: 
Wheel in the middle place, pur the Pulley K I made: hollow for 


_ receiving, the Rope, to. which that one only weight muſt be 


bound, and.this Pulley alſo. muſt be moyable about the unmoved: 
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Axis A B; and inthe Baſes or Planes which behold each Wheel, 


muſt be Bolts or Bars, on both fides the ſame number,<and 


made by the fame Artifce on both fides ; Feaurrhly, the Bar 
therefore ML, whereby the Pullies are joyn'd together, hath 


firſt of all a hole, through which and the ear or rirg' made 


faſt in the Pull-y, paſſes the little round Axis, moving freely 


in the joints forſaking thar Bar : The fame Rail or Bar towards 
. the Axis of the Pulley, holds out a certain hook, or little arm, 


athwart, as in Leavers full of corners or nooks; and laſtly, ro- 


wards the other end L 'tis bent like a hook, or bill. Fifth, 
the Rails or Bars being fitted in this manner in the ambit of the 


Pulley in any number, as 3 or 4. fo that all rogether they anſwer 
the Jags of the Wheels G and H, underſtand between the 


Jagged little Wheel G, and the Pulley I'K, ſome Lilly, or like 
flower to be put, cut out of a'thin plate of mettal, whoſe lit- 
tle Leavyers ſticking our rowards the Centre of the Pulley, pref; 


the points or little arms of the Bars or Rails, that in this man. 
ner the bars L M, ftrive or ſtrain always againſt the Cuts of the 
Jagged Wheel, and the fame is done by the face of theorher Pul- 
lies. Sixthly, to the Tubes, or hollowed Axes of the toothed 
Wheels, muſt be put ſome Cylindric Segments N and Q, upon 
the foreſaid' Axes or Tubes, movable freely to and fro ; and 


Join ther» to fome firm Beam N O P Q, that according to the 


motion of one Cylindric Segment, the other may be moved 
with a reciprocal morion. Seventhly,. make ſome ballance CKE, 
movable in the Centre K, about which the half roothed Wheel 
is conveyed with ir, whoſe teeth anſwer to the ſlits or cuts of 
the Beam-OP; A little arm is ereed in the upper part of the 


fame Ballance anſwering the little rongue, or cock, of common 


ballances, to this is affixt the Sphzre R of a competent weight. 
E:ghthly, to the Tube or hollowed Axis of the Wheel CD, is 
put the little 01b A, or ſmooth Wheel, movabk rogether 
with the former, nevertheleſs it hath in fome cerrain place of 
its: Periphery one triangular tooth erected of unequal fides,and 
of fuch form as you ſee in Wheels, with Jagged, or ſaw-lil e 
reeth, ſo that it's Hypethenuſe riſes up ſlenderly from the ambir, 
or Periphery, and ar length is ended in the precipice of the 
Cathetus, this little tooth about the end of any hour, lifts up 
ſlowly: the little arm C, then when the ballance CKE is in- 
clined it pulls up the little orb A. : 


Theſe 
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Syſtem to be the ſuperſtruQure of the toothed wheel C D; and 


the ſyſtem ferving to excite the ſtrokes is of the other wheel : 
EF; moreover from the pulley K I is hang ſome compe- - 


rent weight by- the Artifices propoted before in Problem 
the 2d. | 


Secondly, Underſtand the ballance CK E with the weight R. 


to be inclined  rowards the chronometric Wheel C D, for fo 
it will come to paſs, that the Wheel half roothed K for- 


ces the Beam O P towards the ſame roothed Wheel 
C D, and together with the Beam, each Cylinder N 


and Q. 


Thirdly, One of the hour Cylinders, viz. N, when in this: 
manner it goes back from the jagged Wheel G, it thruſts 
down all- thoſe hooked rails or bars-in its incitions ; and by - 
being moved to the jag- 
ged Wheel H, lifts up all che rails or bars-on that part, fo chat- 
the Jags in the little Wheel H are in no wiſe laid. hold on by. 


the contrary reaſon the Cylinder Q_ 


Fourthly, When in this manner-the weight hung from the - 
common pulley hath a conne&ton with the Wheel C D, and: 
none with the other Wheel EF, that Wheel only will incite, 
and not- this, and that will be: done in an hours fpace, until. 


the tooth ſticking out in the licthe orb A, begins to take up. 
ſlowly the little arm C, and -with- it- the. whole ballance CE, 
and alfo the weight R. EH OA CI - 

Fifthly, The weight R being inclined beyand the line K R* 


rowards P, ſuddenly ruſhes tro the oppolitepart with the cock of.- 


the Ballance,and together with the half roothed Wheel K, im- 
pels the Beam- O P, and the Cylinders. N and Q towards B;. 
wherefore rhe Cylinder N lifts its hooked Bar, and the Cylin- 
der Q lets it down,and this being received within the jags of the 
Wheel H,.make. firm the Pulley .K I with the Wheel E F, and. 
its Wheels pertaining to the ſtriking, which unlocks the arm: 
EE, by a certain Leaver which the. Figure doth not ex-. 
reſs. 
: Sixthly, The hour being declared by ſtriking, the ballance. 


C E.is again lifted - up with the weight BR, ro the oppoſit parr. : 


by inclining towards O, and that is done by the Phonotadic 
Wheels, eſpecially by thoſe which are thruſt on immediately. 
from the Wheel E F, and. which for every blow. or ſtroke ig. 


© Theſe things thus prepared, underſtand Fizf, the Horometr!© 
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wont-to go once round, and carries in it's Axis a Certain hearr, 
by help whereof through Leavers diſpoſed to . that purpoſe, ir 
may be done very eaſily, the Imperus of the Wheels approach. 
ing from the collected motion. | _ 

Note, Fir/t, in ſtead of the Pulley K I, a toothed Tympane 
may be placed, which may be moved -by another inferior 
Wheel, and it's weight, for the ſame effe&t will follow, by in- 
creaſing the weight of the clock as much as the thing requires : 
Notwithſtanding the forces of which may be hindred by a 
ſpring, or ſteel ſpire, but only in a fxt, or ſtanding clock, for 
in a portable one the ſame foundation remaining of ſhutting 
by the bar LM, the other- furniture of the Leavers will be 
otherwiſe diſpoſed to work changes. Secondly, when the Pho- 
notattic Wheels are incited by the weight.the motion of the Index 
ceaſes the ſame time, bur after that manner that either *tis of 
it ſelf but little, or *tis compenſated from elſewhere ; alfo it 
may be ſo made that between thoſe ſtrickings, the Index ſhall 
not move forward at all, but the more free deſcription of the 
artifice, the brevity of time excludes. Thirdly, if the Chronome- 
tric Wheels are incited not by a ballance, but by a Pendulum, 
the Artifice may' be efle&ted eafily, that that may be appre- 
hended and included in the uttermoſt term of its arches, and 
then the weight being reſtored to its Wheels, 'tis unlooſed into 
Vibrations,0therwiſe the motion of-the Pendulum once cealing, 
it cannot be ftir'd up again by the weight only ; the reſt I leave 
ro the Ingenious to Conſider. Thus he. 

And truly this practice is very ingenious. 
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Problem RXV. 


To cauſe any ſtrong blow or ſtroke uſually ſtruck on great Bells, 
by a Hammer, and by great Weights, to be effeted ty 


much leſſer weight, and fewer toothed Wheels. 


Fig. 161.Y Et the Wheel ABCDEF be divided into 6, 8, or 
Ft more parts, in the diviſion of which points make 

fo many joints for certain equal arms and equiponderant ham- 
mers,or Iron balls,or Globes,to be fixed, yet fo, that the motion of 
any arm run not' out beyond the quadrant of a circle, viz. 
D GH: To the Axis of this Wheel place a Pulley with a weight 
and ons toathed wheel, which ſhall turn abour a Certain axis 
with a ballance, to retard the motion of the whole Engin, and 
alſo the impetus cauſed by this ballance, &c. (ES. .7i6 
Rails cr Bars then being advanced ſhutting up the motion of 
che Engin, after which fome hammer, to wit, D G muſt be 
conveyed perpendicular to an Horizontal fite, and a little be- 
yond the hammer falls down with a force, and deſcribes 
by its fall the arch G H, and on: the brim of the objeted Bell 
ſtrikes a ſtroke, or blow, and becauſe it touches only the 
extream of the Bell, *tis preſently withdrawn by the Engin 
from proceeding any further, otherwiſe if the hammer ſhould 
reſt a little while, ic would hinder the ſound of the Bell, ſome. 
ſteel plate ſhould be put between' by the fide, which ſhould 
draw the Hammer immediately from the bell, and not hinder 
it from tending downwards: And in this manner, much leffer 
weight being diſpoſed, forces the Hammer and makes the ſtrokes 
more valid, becauſe the Engin is as -it were Aquilibrated : The 
ſame may be. performed by Iron Spheres, or Globles, ' falling 
from on high on the bell, which Globe is again raiſed to the 
height by a'ſcrew with a ſmall power. Or ſo many Globes. 
may be placed in an upper place, as are required for all the 
ſtriking of hours for the whole day, as alſo of each hour, Firſt, - 
01e of them is freed from. the obſtacle that ir may fall on the 
Bell, afterwards rwo, and after that three, &c. according as 
the number of hours require: The hours may be adorn 
divers other new ways to ſhew the diſtance of hours, for | rſt, 
L 1 it 
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if you would ſhew not only the hours, but alſo the quarters, 
you may do it by many {mall bells, to wit, make ufe of five- 
little bells, whoſe ſounds aſcends by degrees in a Muſical in- 
creaſe or proportion ; and for the ſtroke of the firſt quarter, . 
the meaneſt or loweſt. little Bell will. found. Do, br, ut; for the 
ſecond quarter. Do; re';. for the third Do, re, mi," then follows 
the ſtroke»of the hour ſol," ſol, fol, *&c. ſo:often'as:the preſent. 
hour requires..." IN BY AY ISR 4 eV ASE el S 64 7 FIT 
Secondly, the ſame may be. effe&ted by means of muſical 
Chords,..to wit; if you extend: chem On a table made thin and 
hollow, either - Parallel: to each. other, or. as radius's meeting 
in one-point:; arid they-may be'fo fitted and, tempered that two- 
appaſits: give a; Harmony, beginning from :perfe& and pro- 
ceeding-to, imperfect; i. for theſe - kinds: of, Harmony being. 
incited, each-.hour by: a diurnal; Wheel: with rwo chords, 
will ſignify the hour decreed in a.bed chamber, which may be 
heard in a night without ; the trouble of noiſe ; and the Im- 
pulſe of the chords may be'repeated three or four times, leſt. 
the-hearing . be deceived; if you:'have a.' muſical | Inftrument 
with keys, :you, may.uſe;a:;;Phonotactic Cylinder direct to. the- 
Clock, with a weight hung: to it, by which it willbe rurn'd- 
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ahaer;iÞ 2 big gout 6 fr - ces ' 
'| ZhirdJyz the thing. may be effe&ted-likewiſe by the Pipes of Or-- 
gans,for if the Phonotactic Cylinder be-made and applied to the 
keys of the Organ,and the Bellows being drawn either artificially 
by ſome eaſy Engin, or being once drawn perfiſts ſo, .and they. 
muſt deſcend by little and little each hour: while the ſound of 
Hours 1s required.:t0 be: made, RAS OE & Wk 6 67 6 NE bs PE re Oh 
- Ferirthly,:the Strakes of the hours riiay be made by a military. 
 Tympane;:or drum, and that moſt eafily;- as to any Induſtrious- 
perſon will appear ; yea, we athrm it is not dificult by Engins 
to exhibit ro the ears, any ſtrokes or blows wont ta be declared. 
by:Tympanes, with as. much dexterity, as it:can be. done. by 
the; moſtskilful Muſick Maſter, | both as-to the Celerity: of . the. 
blolvis and.che difference of :inequality of Percuſſion, and alſo. 
_ as to Harmony or the founds of. Tympanes-in Muſical conſort. 
La/tly, there is no Mufical Inſtrument, the Tube or Trumpet 
perhaps excepted, but ir may be ſo fitted to a clock, as to make 
divers Harmonical ſounds each hour. WE 
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To procure excited Sounds at appointed times by many Ar= 


Mo His Father Schottus teaches: at! Propoſition 'the: 25th. . thus,: 

| incloſe a Steel ſpire with two little Wheels and a linle 
Hammer, within a little bell, and this: little Engin ſtands upon 
3 or 4.feet, and hath a litthe tongue ſticking: out downward, 
by which the ſteel ſpire being firſt bent, the motion is imparred 
ro the little Hammer ;. If then;the! little Engin be placed ::above: 
the Index of the clock lying Horizontally, or appliedwertically: 
about the centre of the Index, the feet of the littte-Engin being 
ſtabliſhr, -and: that little rongue ſticking ;aur;.::direfted to: the 
line of the hour which you defire. to. excite, then.::the Index 
of the Clock being conveyed to the: little tongue, and 'opening 
the incloſure of the little Hammer. gives . the ſtroke  requiredy 
and after that whenſoever. you pleaſe:to: remove! it:iyou mayy 
and pur it again to: the little Engin.” © ; wo L £7 
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- Fig. 162... Secondly, 'if a Clock be required ſhewing only the 
| hours, and to hang to the wall of a-room ; -In: the - wall nigh 
which the weight. of the Clock deſcends faſten in A 'a littie 
arm, or Leaver A B, movable in A, on the end .of:the_Leaver B; 
bind one: end of a {mall chord, than to. a. little. Bar - fixt in:C 
caſt over the ather end:ofirhe ſmall chord; ro which bind-a 
lictle ſpar or piece of a ſtick C D; laſtly, faſten a third little Bar 
in E, within which and the end D of the ſtick put the light 
ſtick E D between, ſo that it may ftick faſt between the little 
bar E and the end D of the ſpar or piece of ſtick, and the 
weight G being hung will therefore ſtick faſt, under which 
you muſt pur a braſs baſon, or ſuch like body of ſound, in 
which the weight G falling, excites aTſound; then lift up the 
weight F impelling the Clock, to ſo many hours as you defire 
it to excite, for the weight E being ellapſt in a determined 
time, the ftick being conveyed ſlowly to E D bares:it down, 
and caſts it downwards : And this obſtacle being taken away, 
the-ftick C D being looſed ſends down with a force the weighr 

G into the baſon underneath. ts 
I1z Thirdly 


# & 
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Thirdly, for excited ſounds for Souldiers, or Husbandmen; to 
adetermined time, -you may prepare them eafily in this man- 
ner, take a piece of match, {uch as Souldiers uſe, of one thick- 
neſs and denſity every where, try diligently how much the 
fire will conſume of it in an hour, then allowing the length of 
the match for as many hours as you pleaſe, note the end, and 
extend the whole in length upon ſome piece of timber in. an 
Horizontal fite, and a hittle elevated from the earth : Then in 
the firſt ſign noted in thematch,bind a little chord,and to the ſame 
fome weight, viz. a ſtone, and the other end of the rope or chord 
bind about and make faſt ro fomewhat, as to a wall, or a tree; 
ec. for it will come to paſs, that when it hath burnt to the 
noted ſign, it burns or deſtroys that end of the little rope, and 
the ſtone falls into: ſome Veſlel.or table placed:Juſt under, i and 
BREE MM EEE M 
Many other ſuch like may be thought on which may either 
be applied to. Clocks, or may effect it themſelves, that at an ap- 
pointedtime they may waken and raife up them that ſleep by 
fome noiſe ; For in the firſt place all kind of Clocks which we 
have deſcribed before, to: wit, which are moved in deſcending: 
by an inclined plane, that may eafily be done, if while they 
comertouch a line of the hour, they run againſt fome obſta- 
cle, from Whoſe repulſe or removal, a found is made, or 
fome other noiſe excited ; Secondly, we may obtain it by all 
bour glaſſes of fand or water, for being increaſed. by degrees 
by the weight of the water or ſand: falling down, it may be 
made, that when it increaſes to. fuch\a: magnitude the other 
weight ſhall prevail, which either lifts- it up, or being freed: 
from the Impediment it ſhall. fall down, &c.. 
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Problem XXVIE 


Divers Ornaments applicable to Clocks, and ſuch like 
 Emgins, 


T's Ornaments which may be added to Clocks, and other 
Chronometric Engins, are innumerable, for beſides thoſe 
which belong to their Indexes, and. the other before mentioned, 
the ingenious Artificer may eafily invent many other, ſome 
whereof we will ſhew briefly. 

Firſt, a Clock may be made which not only declares the 
hours and quarters, but alſo the minutes and ſeconds, and that 
either with divers little bells, or by a muſical Inſtrument of 
Chords or Pipes. 


Secondly, the noiſe of the forefaid Harmony may be made, 
either before thoſe ſtrokes can publiſh the Muſical conſort, not 
only in ſmall bells, or any other Inſtrument, or alſo more to- 
gether, which may eaſily be done. by Phonoractic Cylinders, 
as is ſhewn before ; and not only by thoſe Cylinders, but alfo- 
by an oblong plane, to wit, if you have a thick plate of mettal or: 
a wooden table, to which faſten ſo many ſmall bolts, or pins,, 
and diſtant a due proportion between themſelves as the Muſi- 
cal tone requires, ſo that while that plane is moved upward 
and downward to the right hand, or to the left, his ſmall pins 
ſticking out, hits againſt the Organ, or other Inftrument, &c.. 
And this oblong plane may be moved here and there by a re- 
rrograde motion, as is ſaid before concerning the Index of 
the like plane at Problem. 17, in which caſe, notwithſtanding 
it behoves the whole thing to. be doubled, to. wit, one 
anſwering to one half of the oblong plate moved in one parr, 
and the other to the other half in the return of the ſame 
late. 

, Thar the Clock, or Inſtruments, may be rightly applied, the 
following things are to be obſerved. Fir, the toothed Wheels. 
of Clocks which the Cylinder turns. about, ought to be ſciruate: 
in the middle of the ſame Cylinder, or in both ends. of it, 
for if ir be applied to one end. only, fome inequality eaſily 
happens to the motion, by the reſiſtance of raifing the Ham- 
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mers, or depreſſing the little hands, &c. and the . Cylinder 
muſt be exactly turned : Secondly, for each {mall hell ( if yon 
will make the ſounds on bells) let -there be two Hammers, 
two little hands, and two rows of holes in the Cylinder, to 
wit, that any note although ſhort in the rune, may. be expreſt, 
when they are doubled, or repeated many times, for if thoſe 
-notes be many, to wit, tailed or twice tailed following im- 
mediately, ir cannot. ſo well. be ſtruck. by one Hammer, ,and 
preſently raiſed. Thirdly, the fewneſs of holes' for one touch, 
-may be ſupplied by the diverſity of ſmall pins, more or leſs, 
ſtretched our without the hole in which they are faſtned: 
Feurthly, to greater Hammers, or greater reſiſtings of Elevation, 
Poifers or weights muſt be hung as much as need requires ; 
Fifthly, the litrle hands and ſmall pins, are moſt exactly - of a 
length. Sixthly, for accelerating the motion of the Cylinder, 
thofe wings which catch the wind, or ſmall weights inſtead of 
them, are movable, that they may be moved” more or ' leſs to 
the Centre of motion. Seventhly, when the motion of the 
Cylinder aCtedby-weights, is {lower in the beginning, a ftay 
muſt be put 'berween, of one touch, or a touch and an half, to 
gain the Impetus, before the little keys or pins begin to publiſh 
the ſtrokes: Eighthly, if the Conforr of muſick'preceed the 
ſtrokes of the hours, care muſt be taken that the key opening 
'the ſtriking Wheel of the hour be movable, left when the 
tunes are ſome ſhorter than others, the ſtroke of the hour may 
be a long time expected. wy — 


 ' Thirdly, as Indexes of Clocks, and other Engins,' belong to 
rhe Senſe of the eyes, and of the' ſound to the hearing, ſo to the 
ſame hour meafurers, other ornaments may be added, which be- 
long to Odour-or ſmelling ; for ir may be made that every 
hour, or at other appointed times, a box or ſmall ciſtern may 
"open, in which ſome odoriferous body ſmelling very ſweet is 
Cloſe ſhut;- and the Odour wilt diſperſe it, felf into the whole 
-room ; in like manner cocks of {mall fountains may be opened, 
ſending forth Odoriferous liquors, which liquors may be. di- 
- vers, according to the diverſity.of the hours of the time; yea, 
"they may be ſo fine and full of Spirituous rectification, that 
- they may reſolve into air, and by their ſubtilty vaniſh, their 
"Odour only remaining. Neither is it necellary to . uſe .many 
' fountains or. ſpirital Engins, if ſo be you make a ſmall Engin, 
ont of whoſe cock only, divers liquors run' forth' every No: 
or FTE | Alto 
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Alſo-Odours may be made either by means 'of petfuming fire 
which may be excited every hour, to wit, by percuſſion,that the 
next ſweetned matter may be burnt; Or being moved into an 
occult furnace, or lamp, the matter may be moved to them, or 
rather thoſe to it. hs 

| Fourthly, It may be made, that the clock every hour or ap= 
pointed time, ſhall atchieve divers offices of truſt, as ic were a 
ſervant, and be dilligent in the Bed-chamber defigned to va- 
rious Offices; ſo Cloks may be made which at a prefixt time 
of night ſhall ſtrike fire and kindle a light; and in the ſame 
manner they may be ſo fitted, that they may ſend forth water 
from a fountain, at certain hours for the waſhing of hands, 
or draw it from a well, or ſo as to ſnuff candles dexteriouſly, 
at appointed times : Alſo a clock may be made, which be- 
ing placed on a Table, fmay repreſent Bacchus fitting. 
on a Tun, and at certain times fill pots with divers kinds 
of wines; Alſo a Statue may be made in the top of the 
Clock Tarret,: that may unfold a ſtreamer in the morning, and: 
fold it up in the evening ; and many other ſuch like as theſe 
may be performed. . . '- 
+ Laftly, ather Inſtruments. may be added: to Clocks which 
may ſhew the degrees of heart and cold, and alſo of moiſture 
and dryneſs, or which ſhall foretel. when it will be- rain and 
when fair weather, yea, and they may. ſhew the winds at any 
time in an incloſed chamber. © 
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Problem XXVIII. 


To make a Chariot, or ſhip, with an Tdex.of Miles,.. for the. 
meaſuring of a Fourney.. | 


Fig. 163 ff Eur the compaſs or Periphery of the Chariot 

: Wheel propoſed, and for example ler it be. 
ten feet ; To the Axis of this Wheel AB, fit a ſmall tooth 
E, running on another Wheel CD, furniſhe. with 50. teeth :. 
Again ehis Axis I E muſt have a {mall tooth, like to the ſmall. 
rooth of the former Wheel .in E, which folds into the teeth of 
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he Wheel E F, divided into 12 equal parts, each of which 
CcOnſifts of io teeth, ſo thar all the reeth of this Wheel are 
120; Moreover in its Centre G an immovable Index is dif- 
poſed, which will tell the number of Miles and hun- 
dreds of Paces that hath paſſed by the Chariot in the Jour- 
ney ; for each circumvolution of the Wheel A B, that is, 
every two paces that is made in the Journey, one tooth of the 
Wheel C D is moved forward by means of the ſmall tooth C, 
and therefore ſince the Wheel C D is furniſht with 5o teeth, 
its whole circumyolution will be compleated after 100 Paces, 
and then it moves forward the Wheel EF by means of the 
little roath E ; then ſince every part of diviſion of the Wheel 
E F conſiſts of 10 teeth, after every 10 Circumvolutions of the 
Wheel CD; that is, after 1000 Paces, or one mile of the 
Journey, the Index after that will note another number of 
Miles; in the ſame manner alrogether the thing may be done 
in 4 Ship, provided that a Jagged Wheel like to the Wheels 
of Mills be ſo fitred to rhe fide of 'the Ship, that.it may freely 
move about the axis, while its Jags hit againſt the water; and 
this Wheel will be inſtead of the Wheel of the Chariot A B, 
ro which others are added, as we have faid ; for the whole 
Arrtifice confiſts in this, that the - circumvolution of the firſt 
Wheel which anſwers the length of the Journey be multiplied 
roportionally to the other Wheels CD and EF, which may 
e done cafily, and divers ways. 


—— 


Problem RYIX. 


The method of making Archimedes's Screw for the raiſing of 


water ſeveral ways. 

Fig. 164. \ Rehimedes his Screw is no other than a Column 

) or Cylinder, on which a Tube is wound about 
ſpirally, or in the nature of a ſcrew, as appears in the annexed 
Scheam, where A B repreſents the Cylinder in an inclined fite 
ro. the Horizon, and C D ſhews the Tube drawn abour ir ſpi- 
rally; and this Tade if one end of it have an open mouth C, 
put in the water, fo that the water enter into it, and then the 
Cylinder 


-—; 
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Cylinder being: duly inclined, :and it: being turn'd; about.. by 
- the two: poles, or ends. of the Axis: EF that -it. ſtays upon, 
ir will come to paſs that the water-ſerpent 'by little and little 
will aſcend to the top, and run out at the other mouth D. 
This ancient and moſt ingenious Engin, owns the, moſt 1n- 
genious Archimedes for its; inventer, which! firſt uſed it. to 
empty water it of the great ſhips of Hzero,King of Syracuſe ; then 
the Egyptians uſed the fame,:( witneſs Diodorus Siculus ) to draw 
out the water from the fields drowned hy the River Nyles, and 
Cardan in his book de Subtil, makes mention of a Blackſmith 
that made this kind of Engin, and imagining himſelf to be the 
firſt inventor of it, for Joy ran out of his wits. --, © 
How much the. Cylinder, or its Axis E:F, ought to be ele 
vated above the Horizon is not eafily determin'd,as will appear 
by what follows, although commonly, Mechanics ( with Virru- 
vins, Book 10, Chap. 11. ) require {uch an inclination as con- 
ſtitutes Pythagoras his triangle E G F, to wit, ſuch that the 
fide. or Baſe E F which refembles the: Axis of the Cylinder 
ſhall be to the fide E G; which is the Horizontal line, as, 5 to 
4 and the ſide E Gin which the; other fide F.G falls perpen- 
dicularly, isto F G as:4/t0;3.. © 1 "IN vw 
.:And the. Tabe and. its Spire.muſt;be fo ;ficted abour- the 
Cylinder, thar:each Spire be -moxe- or leſs inclined, and more 
or leſs nearer each other by turns. '.; 
Beſides to the ſame Cylinder, ( which: may be greater or 

{maller.) there may be put abour, two,: three, or more: Tubes, 
f{o:that one ſuccellively . after. another. may;.draw. the water 
beneath, 'and may pour 1t- out in;the ſame order above. - 

_ Some. hide the. Tube; or-:Tubes, within the hollow of the 
Cylinder ; or they make the whole cayity, except the Axis in 
the middle, into a Spiral pipe, or Channel, after the manner of 
winding ſtairs, for firſt they make the . Channel ſpirally abour 
rhe Axis of ſmall-rimber, then afterwards they cover the whole 
all over, that the whole Engin-leems--a; meer GCGokumn; the 
myſtery' lying. hid within ; Father Ghriſtopher. Grumberger made 
a. tranſparegat Channel, or ſpiral -pipg;,.coyering-ir over with a 
Selenite ſtone, or looking Glaſs, that it may appear to the eye 
ooking'ion it, chow the water aſcends. 


_ Tt about the Cylinder you fit little boards ſuch as isvſed in mill 
Wheels, or a Wheel farniſhe with little boards be firted about the 
ſame; near the-lower part B, this part may be 10 kept above ine 
36, 70 F water 
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warer-of the River flowing, that the little boards 'miy be for- 
ced by the'watet; and rirn about the Cylinder, for fo the water 
may be conveyed froty the River into a meadow, or any other 
place that you will have 1t. ' | 
Moreover you- may raiſe water, to any height in a_narrow 
place, viz. within-a 'Tower'to «the top . thereof, -as we have 
known done at Auryfta ir Germany 3: to: wit, it the ſpiral pipes. 
be mzaltiplied; ſo thar the water being'raiſed bythe lower ſpiral, 
and being poured out in D-into: ſome receptacle, or Ciftern ; 
hence it may be raifed higher again by another Spiral, and ſo 
ſucceſſively by more. ſpirals, as high as you pleaſe, all which 
Spirals may be moved by one power, 'viz..by the water of a 
Rivef underneath, or by: another animated*Power, 

-\. Thus-mitch as: to'the making and common ule of the Screw; 
or Spiral pipe, and yow' will {carce meet with any thing . elſe 
among writers, but that which contains the reaſon © where- 
fore the water aſcends by the ſpiral pipe, contrary to its natural 
gravity, you will hear the ſame ſtory: among all of them thar 
I have read;;- water indeed'always deſcends in the. ſpires of a- 
Tube, ' and flows naturally>to' the. loweſt: place, but: neverthe- 
leſs in the mean while by turning. round-of the Cylinder 'ris 
conveyed to a higher place';' likewiſe the weight of the water 
itſelf, while it advances the-ſpiral Tube, or pipe, helps its: ad- 
vancment: Some ſay tis done by a certain mixt motion joyn'd. 
rogether, of the deſcent and aſcent of heavy bodies, which 
while they affe& to deſcend by their proper motian, they 
run through'the Spiral of their own-accord, and the fpiral by 
dhe turning about of the- ſerew, the weight running:down.lej- 
ſurely, and-obliquely” and. as- it: were by ſtealth; raiſes it up 


4 


by degrees, I ſay, you will find rhefe}and ſuch like exprefſions, 
or meer words which-found altogether the ſame thing.,. 
That we'may therefore ſhew the true cauſe: of this motion 
clearly and manifeſtly withour ambiguous words, we muſt 
obſerve ſome Experiments approved-by us.” oo en 
Firſt, Not ohly water, or other Liquor, : may - aſcend*by the 
Tube of the ſcrew; btir-alfo one, 'or: more Globes of any ſolid 
merellc matrer. EI EET 4s 
* Seccndly, by how much greater {wiftneſs the {crew is turn'd 
abour, nor only a greater quanticy of 'water aſcends proporti- 
onally ro the greater ſwiftneſs, as if the motion of the' ſcrew 
be doubly ſwitter, the quantity of -the water will: be- daubly 
a. — greater 
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greater, .which in equal time will be poured out of the upper. 
mouth of the, Tube, but a. much 'greater proportion, 10 that. 
0 


% 


ic,may., happen, that the 'morion of the Cylinder about it9/axis 


being put double, the quantity and conſequently the velocity 
of the water aſcending is triple, or alfo quadruple,or quintuple ; 
and this appears clearly, if inſtead of water we place Bullets, 
or ſmall metallic globes in the channel'of the ſcrew ; for it will 
come to paſs ſometimes, that the ſcrew being rurn'd about, the: 
Globe will aſcend. but very little, or if ir aſcends a little, ir 
preſently {lides or falls down again in. the Tube, bur the ve- 
locity of turning abour being increaſt, it only aſcends, all the 
other circumſtances remaining the ſame. 


Thirdly, the leſſer the axis of the ſcrew is elevated from the 
Horizon, the greater plenty of water aſcends, and with twore 


caſe, ſo thar the ſcrew be tarn'd with the ſame yelocity, and 
MRR_ARSC Coon bas 
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ofthe Tube; "the ſame which appears in the qpper 
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Book IX.” 
luperficies. of, water aſcending; and. certainly ir ſeems ro be 
implied in. the terms. thar the ſame heavy. body ſhould+ aſcend! 
and deſcend together-ar the ſame. time, for it will be moved: 
together with two oppoſite- motions, which 18 Contrary ; as we 
have ſhewn before. 3 St TRE —_ ; 

_ The reaſon rhen why the water,or Globe,or any other heavy 
body, aſcends through: the. ſpiral Tube of the ferew, ought ro 
| be fought from the adherence of the water, or other body, to 
the inward ſuperficies of-the Tube, either from ſome rough- 
neſs of the ſame ſuperficies, or alfo of the folid Globe aſcending, 
by reafon of which the motion of bodies is hindred in their 
deſcent by. an inclined plane, which how it happens in the 
{crew will be eaſy to explain from what is ſaid. * 

. Ifay, then.the water, or Globe, doth, not always move in the 
Tube, ſo as always to go forward furrher, but by ſome little 
{pace of time, wherein the Cylinder is turn'd about, the 
Globe reſts in the ſame part ofthe Tube; but becauſe the fame 
time, in which the Globe reſts with refpe& to the Tube, thar 
part -of the Tube on which the, Globe reſts, aſcends by the 
turning abour of 'the whole Cylinder, it comes to. pafs alſo, 
that the Globe fi jn_ that part, 'in 'the mean -while is 
raiſed higher from the Horizon, and the other parts of the 
Tube immediately following, obtain a lower fite with re-' 
ſpe to the Globe, which therefore are conſtituted in a phne 
ſomewhat inclined ; then the reſt of the Globe ceafing in that 
part of the Tube, it deſcends by that inclined plane to the lower 
part, and'there ir reſts. again ( for as much as if it ſhould paſs. 
furcher, 'ur ought to aſcend, which is contrary to its natural 
gravity ) and while it refts in that part, *ris transfer'd again to- 
gether with the-Tube into an higher ſite, from whence it a- 
gain roles down by another inclined plane on the other part 
of the Tube; and'.ſo by degrees is moved forward even to the 
upper mouth of the Tabe ; ahd'the reafon' of this interrupted 
'"morion, or ihterpofition of reſt, is, as. I faid, the adherence or 
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roughnefs of the fuperficies borh of the Tube and alfo of the 
Globe; for ir comes to paſs that by fome little ſtays the motion 
Kb imermitted, while the movable body finds reſiſtance in'the 
Om overt AR Ros 
A 778 165. | And there is another reaſon beſides the forefard 
reſiſtarice of Ronghnelſs; or adherency: of *bodies, which very 
"much moves forward ſuch motion : to wir, the impreſt Im- 
petus 
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petus of 'motion in the oppoſite part of the Globe,or watex. Let 
the: Horizontal line be A B, above which the axis of 'the ſcrew - 
A C is raiſed, and let the ſpiral Tube be DEI L MN. Now, 
for example, if the Globe of lead be in part of the Tube E, and 
the Cylinder be turn'd abour with a motion from E towards. 
G D; while: the Globe reſts a little in part of the Tube E, 
in as much as that part together with the Globe reſting is rail- 
ed by: the turning abour of the Cylinder into a place nearer 
the horizontal line, viz. into P, and: in the mean while, the 
part of the Tube H is depreſſed ro Q; from whence it comes to, 
paſs that part of the Tube is conſtituted in the inclined fite P 
Q. and therefore the Globe, which was found in ÞP deſcends 
through that part of the Tube, or inclined plane from P in 
Q.,. where you ſee now the Globe advanced higher above 
the Horizon ; : for the point Q is more diſtant from the 
Horizon A B, than the point E, where the Globe was before ; 
again in Q, becauſe of ſome reſiſtance which ir cannor over 
come through the little ſtay of time reſting, 'tis raiſed as be- 
fore with part of the Tube in the ſame point Q, then an- 
1{wering to the time, from whence again after reſting, it falls 
down in the other part of the Tube, and ſo ſucceſſively in de- 
Aſcending it truly aſcends, but not fo as to aſcend in the fame 
time in which ir deſcends, and therefore irc cannot be faid, 
truly ſpeaking, that it aſcends in deſcending, nor that 
that motion is properly compoſed of aſcent and deſcent. 
| Wherefore it aſcends in; that part of rime ins which *tis hindred 
by the adherence to;the inward ſuperficies of. the Tube, or its 
roughneſs, that 'tis not. moyed forthwith, but it deſcends 
after that ſmall ſtay, or little reſt, apd becauſe it deſcends 
more oblique than before ir aſcended, therefore the: deſcent 
is leſs, conſider'd abſolutely and in a perpendicular: line than 
is the aſcent ; and therefore after all the deſcents it will he 
_ found higher above the Horizontal line. - = 
Add, that after each deſcent, to wit, after the deſcent from 
G ink, it doth nor preſeptly reft in the loweſt place E, due to 
it naturally, but by the acquired imperus in deſcending by 
_ the. inclined plane, GE, it afcends alfa further, viz. to H, e- 
ſpecially ſince the point of the tube H deſcends in the mean 
while, and paſſes away the globe, that therefore it may ſhun the 
ſteepnels fromrE in H, by being ſucceſlively lighter, and afcend 
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© Finally,” to the facillitating of this motion of the globe the 


* 


impreſt Tmpetys of the gube concurs tothe oppoſite part' of 


the motion of the globe, for it is found by experience, that 
the Globe deſcends more ſwift on an inclined plane, 'being 


moved ( for example ) from the Faſt rowards the Weſt, if in 


the mean while that it deſcends, the inclination remaining the 
fame, the 'plane be transfer'd by an oppoſite motion, to wir, 
from the' Weſt rowards the Eaſt; fince therefore while the 
Globe deſcends, by the inclined part of the Tube from G in 


E, or alſo while ir aſcends further from E in H, the Tube 


by the Circumvolution is moved by an oppoſite morion from 


H rowards E and G, it come to paſs from ſuch morion, or 
from the oppoſite Impetus of the Tube, it acquires a greater 


velocity : Bur likewiſe this muſt be obſerved, that as often as 
the oppoſite Imperus of the Tube, or of the inclined plane a- 


_vails to the velocity of the morion of the globe, ſo often the 


Globe ſuffers ſome rubing or wearing with the plane that lies 
under it: Wherefore from the beginning to the end, all the 


reaſon of the motion of the Globe in the ſpiral Tube of the 


ſcrew, ſeems to be founded: on the forefaid adherence, or re- 
ſiſtance of bodies in the contra of ſuperficies.” * And what we 


have faid concerning the Globe, the ſame may altogether be 


ſaid of water, or of any other body, notwithſtanding we 
have made uſe of the Globe, in the example, becauſe if the 
experiment be made, as we have oftentimes done in it, all 


theſe things: clearly appear,' which/ hitherto we have aid ; 


And that the Globe may be manifeſt to the eye, and the reaſon 


of its motion may be obſerved; either we muſt make uſe of a 


glafs Tube, or the fecrer hollow channel about the Cylinder 


muſt be of tranſparent ſtone to ſee through ; or you 'thay 


eaſily put a double wyre abour the ſpiral Cylinder, ſo that 


thar Iron thred;or wyre;, touch not the Cylinder;- þut ſtand 
above it-abour half an Tnch, and the fathe diſtance alſo between 
i ett, and therefore ſome quadrangles intercepr_ the ſpace. of 
way,. on which the Glabe is placed as it were ona Channel, 


From what hath been ſaid *tis manifeſt, in- the fiſt: place, 
how. the motion. of bodies which are raiſed by - means of this 
= : jo! F | 4a # "36 $64 6& Þ& 46%" } 43 IT heaif 51 4 a M1 +, py 
Engin, Are reduced to motion” by an inclined Plane: -thatapis 
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Secondly, 
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" Secondly, a reaſon appears why the' turning the Cylinder 
about with a greater velocity, or more fwiftly,-that ir doth- not. 
gnly - raiſe greater plenty of water proportionally, but alſo 
makes the fame aſcent more abundantly ealy } for ſince the 
oppoſite motion of, the Tube avails much to the aſcent: of the 
water, -as. we have ſaid, by how much {wifter this morion 
is, which is made by turning about of rhe Cylinder, by ſo much: 
the more the aſcent of the water is advanced. "If 
Add, thar that little ſpace of time which the water or the 
Globe. reits in ſome lower part of the Tube ”tis raifed higher, 
that therefore the reſt ceaſing it oyghr to deſcend leſs, and- 
after the deſcent 'tis now.much highet raiſed above the Horizon 
than before: moreover, ſince that little ſtay of the Globe hap- 
pens from the impediment, or roughneſs of the Tube, ſuppoſe 
the Globe: to be in E, and ſome impediment or roughneſs in 
the Superficies of the Tube, to be in its way on the part to- 
wards H ; when this kind of roughneſs is moved forward to- 
wards P or G, and let that which raiſes the Globe be as far 
as Þ, if the Tube be moved more ſwiftly, it impreſſes a greater 


Impetus, and raiſes it higher.  _ wt; 
Thirdly, *tis manifeſt alſo, why if the fcrew be leſs elevated 
above the Horizon, that the water aſcends the eafier, I ſay, the 
eaſier, that is, with lefs force and labour of him, or that which 
turns the Cylinder : (for if the Cylinder being turn'd abour 
with the ſame {wiftneſs, an equal quantity of water ſhould af- 
cend,. whether it be more 'or leſs ' inclinded*) rhe reaſon is 
manifold: Firſt, becauſe when the Axes A C are more Elevated 
the .weight.gravirates more upon'the prop of the Axis -in- 'A; 
but leſs upon the'prop in'C, bur if the 'Axis be leſs raifed above: 
the Horizon, or cotnes nearer to an Horizontal fire; the whole' 
weight is diſtributed to the Props A and C with leſs inequality, 
from whence it comes to paſs that the Circumvolation or rurn-- 
ing abqur js caſter, Secondly, and chiefly |becauſe'the entrance” 
of the, water into the Tube by the Tower mouth D, reliſts and/ 
ſtrives, againſt the, weight or preſſure of the water which'is in w 
the: whole Tube, and Par weight or force of preſſure is 'nor oC 
computed from the quantity of water which is inthe Tube ( for 
that is always the ſame whether the Cylinder be more orleſs in- 
clined ) bur *tis computed from'che greater or-leffer perpendicu- | 
lar CB; therefore when the perpendicular CB is greater, the* 
water exiſting within the Ttibe preſſes Tore: hdteffitslmore the- 
| | | ENLET= 


256 Mechanick, Powers: Book: IX. 


; 
a 
+ 
% 


. *, 
1 «S.. « % —_— F s Row ® 4 


enterance of the water by the mouthD, ſince therefore that force 
or prefſure ought tobe overcome by the power turning.the' Cy. 
Jinder, as often as the mouth D- draws new warer, it appears 
why the ſcrew being elevated higher is moved with more 
difficulty : Hence you may be fatisfied that 'tis falfe that ſome 
{ay, that water therefore aſcends eaſier by a ſcrew leſs elevated, 
becauſe the way and acclivity of motion is lefler, as'if water. 
in aſcending by a plane more ſteep is alſo more wearied, which 
is fooliſh : Hence allo itis, that a folid Globe is elevated almoſt 
with equal facility through the Tube of the ſcrew, whether 
the Cylinder be more or leſs inclin'd; for in this caſe each rea- 
{on aforeſaid ceaſes, and the ſecond reaſon ceaſes wholly, ſince 
in. each circuxnvolution of the Cylinder a new Globe is not 
raiſed,but that only, which is moved forward in the Tube: And 
the firfit reaſon alſo hath ſcarce any room, if we ſuppoſe the 
Cylinder alone not to gravitate much upon the Prop or ſtay 
on which the ends of the axis reſt upon. 

And from hence ir appears why it cannot be determined, 
how much the inclination of the Cylinder ought to be ele- 
vated above the Horizon; for this ought to be confider'd nor 
abſolutely, but with reſpe& to many other things, . and chiet- 
ly to theſe three, to wit, to the velocity whereby the Cylinder 
is turn'd abour ; for if it be turn'd about more ſwiftly it: may 
be more elevated, and nevertheleſs the warer will aſcend 
through the tube. Secordly, to the greater or lefler adhe- 
rence of .the water, or gther Liquor, to the inward fuperficies 
ef the ſpiral tube ; for when this adherence is greater;:the 
water doth leſs gravitate upon the lower mouth of the'Tube, 
and beſides ir more eaſily contains the Imperus from the mo-- 
tion of the Tube in that manner which is ſhewn a little before. 
Thirdly, and chiefly ro the obliquity of che winding compaſs 
of.the Tube, for if the ſpiral or winding compaſles be thick- 
er and.cloſer,together, and more near each to other, the "Tube 

' will be.lopger, and. therefore the way, and rmhction 'of the wa?! 
rex longer before it comes to the upper _patr of the Tube, bur. 
nevertheleſs. by reaſon of the. greater  obliquity of. rhe ſpiral, 
the lower water gravitates leſs, and aſcends eater; 'and rherc- 
fore the.Cylinder may be raiſed highe? above rhe Horizon. 

Aggording tothe variety therefore of thefe circumſtances the ' 
iggljnation of the Screw. may be varied : Notwithſtanding this 
univer{al,precept muſt be obſerved, ro wit, that the Cylinder 
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A C be never elevated above C, to ſuch an height, that the 
ſpiral of rhe. Tube DE or IL or MN- appear parallel to the 
Horizon AB; for the point of. the 'Tube D ought to be high- 
er than E, and the point I higher than:L,: and fo of the reſt; 
otherwiſe the water being: in part of thei Tube-D'E, will:flow 
out at the mouth D. before it be moved forward: any further 
in the Tube. _. £ Ee | 
 Fourthly,” from what is ſaid, fthat queſtion may be-re- 
folved,.to wit, whether or no 'tis moſt convenient ta have one 
large Tube to turn round with' the Cylinder, or many ſmall 
encs.:: Father Grymberger: affirms, :that it one ſpiral Tube cir- 
cumſcribe: the whole Cylinder, ſuch a-{imple ſcrew will pour 
our as much water, as if there were many Tubes, and ſome- 
what more, and he aſlignes this reaſon, becauſe many ſpirals 
of a Tube by reaſon of their thickneſs which they muſt have 
_ ought to. occupy.more room-.in.a Cylinder than. the thickneſs 
of one. But although this be moſt true, yer our .queſtian: is 
not whether more water may aſcend by. one Tube' only. than 
by more; for example, unleſs three 'Tubes taken together are 
equal ro one other larger Tube, "tis certain that greater plenty 
of water may aſcend by that one larger Tube; bur che queſtion 
is, whether or no ſuppoſing that. thoſe three Tubes, be: exactly 
equal to the Capacity of one larger Tube, and let the:Cylinder 
| be capable, that -is fitted either to. the +three' ſmall Tybes;: or 
to the other larger one, I fay, "tis. to: be conſider'd, -whe- 
ther to make uſe of the one large one, or thoſe three ' {mall 
ones ? | ES Tu 
And to this Queſtion I anſwer, It would be better to uſe 
three ſmall Tubes ( ſo that they do not grayitate more hy their 
weight on the prop ſuſtaining the. Cylinder ) than one larger; 
and not only becauſe ( as we have ſaid appears ) in the fore- 
ſaid experiment ) that they raiſe more water ; but likewiſe 
becauſe it aſcends eafier, and with lefs ſtrength of the power 
moving , the ..Engin. . The ; reaſon .is, becauſe although the 
three Baſes of the lefler Tubes be equal ro one Bale of the 
larger Tube,” and they are ſuppoſed all of, an equal height, 
nevertheleſs ic gravitates: or preffes lefs in the triple bale, or 
in the lower mouth of the ſmaller Tubes, than the water gra- 
vitares in one baſe only, or in the mouth of the larger Tube, 
| hae Apenrn: 26 becauſe although the Capacuy of the three 


ubes be equal to the Capacity of the. one "Cube, averted 
L 1 the 
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the inward ſuperficies 'vf: the three: Tubes is at leaſt doubly 
greater the inward: ſyperficics of. the:one larger Tube, and ſince: 
the adherence : ofcrke mater 1s ; greatep:where. the ſuperficies is 
greateri3t0 which: it iadheres;: ard dice "it ,dfcbnds. eafier and 
 gravitares {8 :1upbn: the: baſe: when: the adherence is: greater, 

i appears to.gravitate lefs on the baſes of the three Tubes, and 
in them the water aſcends more eaſily. I add allo, that the 
water is eaſter drawn: if :it be idrawn facectfively by y 'many 
Tubes by one circumvolttion.of we Cylinder,than if the. Whole 
be drawn with one Tina bylome”Eulte,.. ) i 1+ 2 TOC 

From the forefaid (greater ,adherence:0f.. the - warer of the 
ſmaller: Tubes'it comes: Jorge alſo; 'thar:alrhough the Cylin- 
der be turn'd abour-with lets. finifirieſs yer: the yr 1 the 
water' cannot ſo. eattly overcome ithat. adherence and fall back 
again downward, 'as. happetis:in- wider. Tubes, which unleſs 
rhey- are! moved fwifily the: water _ its weight. eaſily goes 
pack more. 3150 17 0557 
Hence: alſo: 'Wwe.eſtecnri fo'2 obingy not akogcrher impadbie co 
romake: a. fcrew-with fuch artifice, that. :by::means: thereof the 

perpetual motion. may be obtain 'd, for the afcent of water or 
of other heavy: bodies ſcems eaſieſt of all by the forew.”.. - 
And thar'this morion 'may be rendered yet eafier, fome'5 in- 

ioits.things: oboar . 70 My: mind which ' L believe yu 'be 
ade ue of:wittv forne profit. 
-The firſt is, ' whew you put one or racher more - Tibes:ahowr 
2 Cylinder, within each of which you may put. cotten thred, 
extended from one end to the other ; for by this means the 
adherence of the water ' increaſes, and creeps: along. more 
eality through the Tubes, although the : quanrity} be ceſs, - all 
one as- if one: large "Tube were divided into! —_— {mall 
ones. ' 

Fip.. 166, The Second is ties te rubing Or Wear ing of the 
Poles of the Axis on- the Prop-or ſtay on which they teſt, isthe 
chief impediment of all, to. the-Circumvolution'of-the : Cyline- 
der, and itnce_ there is a/geafer Tubing and refiſtance--on the 

lower Prop A; by the- ler Nutr there than' ini By-che 
rubing may be hinder if noe wholly, at leaſt in-great*part, 
by afhxing a Wheel, or rather-a Tympane:C.D; to the lower 
part E of the Cylinder AB, which: Tympane muſt be hollowed 
within Or void, nor only: the lower part- D, by reaſon 'of 'its 
bghinets will ſwim upon-the- hack bur alſo 4 46 will ſuſthin<the 
IP 'M Cylinder, 
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Cylinder, ſv» char its Dole: A* 'wahtnorhe .notch of the” Prop 
way be turn'd about withoutany: reſiſtance, - oo 
Fig. 167. The third is, that the Cylinder be-made of light 
marrer, for the lighter it is the eafier *tis. twre'd ; wherefore 
it/will be ſufficient to fit the Tabes'{0, 'and'td-turn them about 
in Spirals,. that they will need no! Cylinder to ſuſtain:them; for 
it will be ſufficient if in the extream heads. of the Tubes, you 
fit two little Wheels AB, CD with their Axes fixed in 'the 
Centers. For unleſs they be very big and large, and the Cy- 
linder very long, they cannot eafily be bent by the water, 


Cylinder,-or rather a Tube, 'which reſembles a Cylinder made 
holbw within. corn ip dent fe genres 
Fourthly, : you defire to raife:not Water but a folid Globe 


er 


A'B_ and. CD. :-will: be fit: for :thar purpoſe ;iand thoſe wy- 
ers ought to be ſomewhar Teſs: diftant from: orice another, than 
the thickneſs or diameter of the:Globe ; for fo the Globe will 
be detain'd within'each wyer always inthe lower parts of the 
ras, and will aſcend'by degrees by thoſe fpirals being turn'd 
about. + | 

\ . Fig. 168. Alſo-it may be made of two-thin plates of Mettal, 
or ot one only made:hollow after the manner of a-Channel ot 
Groove j: yea, we fiave made a ſcrew fit to take up a.leaden 
Globe or Ball of an inch Diameter, of thick paper or paſtboard 
turn'd abonr ſpirally, to wit, the Tube of them which com- 
poſe a. Tellefcope we have cut ſpirally, fo that the Globe is de- 
rain'd. within the ſpiral cleft; and will afcend by the ſame cleft, 
the Tube being turn'd about. Moreover one plate: of 'mettal 
ofily may. be turn'd about a Cylinder which aſcends fpirally, 
and fticks out every where mw the fuperticies of the Cylinder, 
p Ll2z One 
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to be raiſed requires, and the plate muſt be of ſuch a breadrh, 
as is the Diameter of the Globe, or a little more, and. ere&ed 


perpendicularly upon. the ſuperficies of the Cylinder, and one.. 
' of its ſides faſtnedto-the fame Cylirider 3. theri »the Cylinder | 
being-elevated in an oblique) fite 10 the. Horizon 3; for Exam. 


pke, in the ſite A B, and the Axis; leaning ior ſtaying upon - its 
prop; the hollow plate of mettal D C isfitted under the Cylin- 
der, which remains unmoveable in the ſame oblique ſite, and: 
then being diſtant a; little from: the ſpiral plate, fo: chat as it 
were, it is:razed by. the ſubjected :channebor_hollpw. plate.be- 
ing turn'd about. .Then-if '-you. place; a Globe :on: this, and 
turn about the Cylinder, -;the ſpiral will move. forward the 
Globe by that- inclined Channel from'D-in E, and from E to 
F, >. | | | | | gh PER 
The ſame power or ſtrength muſt be applied here, as a 
ſcrew. hath to raiſe water;.or another-body, of which we have 
ſpoken elſewhere concerning-the common Screw ; for .as: you 
ſee the motion or elevation of weight by: this ſcrew. of Arch;.. 
medes, is indeed a.. motion. by: an inclined: plane,: where thar 
univerſal principle always takes place, that the increaſe of force 
is taken from rhe proportion of the velocity of the power mo- 
ving, to the velocity of the weight moved ; wherefore, if for 
example, as in the preſent figure the ſpiral . being four times 
rurn'd about, the Cylinder be:r2 'feer, and the Globe aſcend 
from D to F,. inthe plane or inclined Channel. D C two feet, 
the power as:2-may: raiſe;the weight as 12. . 1 © 
What we have faid hitherto concerning a Cylindric ſcrew, 
may alſo be underſtood of a Conic. ſcrew, for inſtead of 2 
Cylinder we may uſe a Cone to which the Tube may be ſpirally: 
turn'd about, as is commonly known. And although ſome 
prefer a Cone. before a- Cylinder, yet we fee not any . effect 
that it: performs better ; therefore -fince a Cylkndric ſcrew is 
eaſier prepared, we may uſe the ſame moſt ſafely, and perhaps* 
moſt profitably; ar leaſt in many caſes. - ORE 
Many orher things occur which may be faid concerning this 
Engin, which in our opinion are very Ingenious, for writers. 
have ſcarcely ſhewn any thing worthy of confideration to 
Poſterity. i1-thiS matrter.although it be very capacious, as-may 
be eafily nnderitood from thoſe, things which we have. briefly 
thewn, with which we ſhall conclude this ninth and laſt vom 


one: or more ihches, a&ecording as the; 'magnitude of the>Globe 
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Of Mechanick Powers. Giving all honour and Praiſe to- 
that greas-Maſter of Arts, and Fountain of all Wiſdom, the 
Omnipotent God Bleſſed for evermore. 


I had here put an end to AMechanick Powers, but meeting 
with ſome new inventions relating thereto; lately publiſht in 
France by an able Mathematician, which if put in practice may 
be uſeful and beneficial in Engins ; I thought fir to add then 
by way of Appendix, and they are theſe that follow. 
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Of Epicycloids, and therr uſe in Mechanicks. 
Rr a; Definitions. 
Fg. FF the circle ABD be rouled or turn'd. about upon the 
CY | arch A +# of any Circle, the point D which is the 

extream or end of the Diameter A D, will by its mo- 

tion deſcribe the Line D 14, 15, 16, 17 d, which is 

Called an Epicycloid. a $2 
The circle ABD is called the generating circle of the. Epi- 

cycloid. TR» 
: The arch A b-4 is the Baſe of the Epicyclozd. E 

If the generating circle xoul on. the out fide of the circle of 
the Baſe, the Epicycloid is. called Exterior, or Outer : But if the 
generating Circle roul on the inſide of rhe circle, the Epicycloid 
1s called-Interior, or Inner. ;, | | | 

The ſpace contain'd by the Eticycloid, and by its Baſe, is cal- 
led the ſpace of the Epicycloid. , 
COIN, The 


IT. 2 Nicbinich, Powers, EY 
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"The Divieaf on of the Spare of the Epicycloid.. 
nan Lemma I. " 
Fig. ET the Semicir cle be A P p B, whols Jiamerer FY A AB 
r 407 4 and its centre K ; having drawn the line P p. Parallel, 


ro A.B;:and-meering:the circle in the points. P:'p,..ftomi:any; 
point C of the diameter A B drawn longer, draw the lines C P; 
Cp; 

"Ts y,. the ſum. of _the right lines C A, C P, is_to the ſum 
of the right lines C B, Cp, as the diflerence of the right lines 
CB, Cp 1s to the difference of the right lines C A, CP; d 
els, which is the fame thing,” theReetangleamadg-oF the | 

af the lings C A CP and their differences, is &quþl to! the 


" thade of the ſum of the fines CB, IF" 2 And 4heir 
CilrenGe. 
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Lemma, * 2, 


Fig. 171... In.the Triangle c AV if the right lines PX ap G 
B M being parallels to the baſe A V, cat the ide CA, hat 
the ſum of CAandCP, be to the ſum of Cp, GC B, as the 
diforwve: Bp the Segment of the laſt, is ro the difference PA 
of the fir 


ft I ſay, that the Trapezias Mp, -A X are equal between them- 
el ves. 


Lemma 3. 

| Bp. 172. Let the Semicircle be AD E B, and on its diame- 
ter A B mand or not prolonged, let the point C be taken, 
ahd: draw any right -line D E-. Parallel - to. the diameter A B 
which meets with or touches the ciicle in the points D, B; 
From the Centre C, with the Semidiameters C A,-C:D;:C E, 
CB, deſcribe the arches of circles AF, DPG, E P H, BI, 
which meet with atry rightline as CFdrawn from the Centre 
EC, in the points:F,'G, H,-l. 


Ifay, that the fourſided mixt igures 4 A F' F'G D, 7 H, 1B: are 
edualibetweeh themfelyes. 


 Demon- 


. | 
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: | "Ip +3 OF > Demunſtr ation. G | $i £ 75h 
. Make the right line A f equal ro the-arch A F, which muſt 
make with the diameter 'C'A, the right angle C A f; having 
drawn-C f, draw alſo the right lines Þ:g, p b, Bi, parallet ro 
Af. | 
Tis evident by conftruRion that the triangle C A f is equal 
to the Seftor C AF: Inlike manner, the Triangle C P g isequal 
to the ſeEtor CPG, wherefore if from theequalsCAfF, CAF, 
you take away the equals.C Pg, CPG, the remain will beequal, 
to wit, the Trapezia AP g f,-and the four fided mixt (figure 
APGF. We may demonſtrate 'in the fame manner that the 
Trapezia p h 3 B, is equal to the mixt figure pHIB. 

But by the firſt Lemma the ſum of the right lines CA, CP, 
is to the ſum of the right lines'C-p,- C'B, as the difference of 
C p, CB which: is p B, -is-to. the difference of C A, CP, which: 
is AP; wherefore by the 2d. Lemma the Trapezia A f'g p wilt 
be equal to the Trapezia.p-+4B; and the mixt figures A FGP, 
p HIB which are equal to the Trapezias are alſo equal between. 
themſelves. 


I ” . 


Lemma. 4. 


{ 


Fig: 193. If the circum erbnce of the Semicirck AB D- be 
divided into equal parts between themſelves in the points 
EFGBHI, &c. and the number. of theſe parts be even 
and indefinite, and on the diameter A D prolonged or not 
prolonged you draw from the point Y as a centre the arches. 
of a circle, whoſe radius's are the diſtances YA, YE, YB,YG, 
&-c. and lerthe length of the arch A 4 deſcribed? by the' por 
A be equal ro the circumference of the Setmicircle'A B D; and: 
let the Arch A 2 be divided into as many equal parts' ef'g h as 
is in.the Semicircle A B D :. Then having drawn'the RadF-fromi 
the centre Y co the diviſions ef g b hb, &c. then you will have 
the mixt: four ſided-figure A D X 4 divided into an indefinite 
number of little mixt four ſided figures which will have the 


following. properries. 

Becauſe the equal. diviſions of the Semicircke may be drawn 
by the. points: of diviſion of the right lines KE, I F,, HG, ec. 
which will bg./parallel ro the diameter D A of the cijcle ; 
therefore by the 3d. Lemma the four fided figures 4y Rk, 
X z 8 4, Will be equal berween themſelves being equally re- 
F moved: 


[ 
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moved ſrom the extreams: Bur alſo thoſe which are contain'd 
between the ſame ' circles will be equal between themelves, 
becauſe of the equal diviſions of the arch Ab 4; wherefore 
the, 4 ſided figure A ,e Er willbe equal ro the 4 ſided-figure 
X 2 4 4. 

We nay demonſtrate in the ſame manner that the 4, ſided 
figure 2 X 4 71s equal to the 4 ſided figure 4 3fkorAeis a, 
and ſo of the reſt. Yo ofa: wi] 4; 

' *Tis evident in each Seftor, as Y X 4.or Y-4 4, that the 
four [ſided figures are equally removed from the! extreams, as 
2 X and 3 « are alſo equal between themſelves ; for the 4 ſided 
figures X x and 4 « are equal, the 4 ſided figures Xt and 4 s are 
alſo equal by the foregoing Lemma : Wherefore if the greater 
be taken from the lefler, the remains which is the 4 ſided 
figures 2 x and 3 « Will be equal, and ſo of the reft, _ ' 


Lemma. 5. 


The ſame things being pur as before and in the ſame figures, 
If you draw the diagonal line DLMNO 4, compounded of 
an indefinite number of ſmall right lines, which in the 4, ſided 
figure ADX4, divides in two diagonal wile all the ſmall 4 
fided figures, which are in thegjagonal from the angle D even 
to d, as appears in the figure, by the lines DL, LM, MN, 
N O, ec. 
I ſay, that the 4. fided figure ADX 4d is divided in two, 
equally by the diagonal D O 4, | 
'Tis not difficulr ar all in this place, to grant that theſmall di- 
agonals which are from right lines, divide in two equally their 
particular quadrilaters, or 4 fided figures, and that the diifer- 
ence which is between the true diviſion and this,is not found con- 
{iderable, and ſeeing we may always find a leſs magnitude than 
any given, becaule that the quadrilaters which are divided; are 
ſuppoſed: indefinitely {mall as is commonly accepted in the ufe 
of Indiviſibles. a 
Now by that which is demonſtrated in the precedent Lemme, 
'tis evident that the Quadrilater AL is equal to. the quadrilater 
X R; In like manner the Quadrilater e M is equal to the Qua- 
drilater 4 Q ; the Quadrilater f N equal to the Quadrilater. 5 P, 
MAE: -:-* Ei ESE) 


AE EE a Where- 
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Wherefore all the like- Quadrilaters together on One fide 
of the- Diagonal DLMN OP, &c. will: be equal 10: all the 
Quadrilaters on the other ſide. Bur the line DLNOP#4 
which divides diagonal wiſe all the ſmall Quadrilaters which 
are inthe diagonal, is ſuppoſed to divide alfo in two equally 
all thoſe quadrilaters ; therefore this diagonal, which may be 
confider'd as a crooked line, divides equally in two allthe great 
Quadrilater A D X 4 ; which was to be Demonſtrated. 


w. 


Scholium. 


If we ſuppoſe that the point Y which is taken on the dia- 
meter AD is infinitely lengrthned from the circle A B D, there 
may be right lines perpendicular tro the Diameter A D, in 
ſtead of the Arches of circles, which paſs through the points 
DKIHA, of which A 4 is one, which is. put equal to the 
circumference of the Semicircle A B D, and which is divided 
into ſo many equal parts, as is the Circumference ABD; 
and laſtly, inſtead of the mixt Quadrilaters, or 4. ſided figures, 
as thoſe before, you will have Parallelograms, which being 
equally removed from the Extreams, will be equal between 
themfelves, and thence ir follows likewiſe that the diagonal 
which divides diagonal wile all the little Parallelograms, which 
are from one angle to the other, will divide the whole great 
Parallelogram into two equally. 


Lemma 6. 


Fig. 169, The ſame things being put as before, if. you make 
the Semicircle A B D to ſet forward, fo that the diameter A D 
be placed on the part e8 of the Radius Y 8 e, and that the 
point A agree with the point e; "tis evident that the point / 
of the diameter will agree, or be in the point L of the Radius 
Ye; Moreover if we make it to paſs even to the Radius Y f, 
and that the point A fall on the pointf, the whole diameter 
A D-will agree with the right line f 9, the point 2 of the 
diameter of rhe circle A D B will agree with the point M, and 
| ſo of the reſt : Whence *tis evident, that all the points of the 
diameter A D, as Dm »n, &Cc. deſcribe the diagonal line 
DLMN4. 
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- Btit if inſtead of removing theircle ABD, we concieve it 
ro rout on the baſe A b dj; when the point! E of the circle is 
come -10-e, the. dianieter of the Circle E 10, +Will be joyned 
with the right line e$, for by the Hypotheſis: the arches. A E, 
A'e-arecquil in kngrth ; and: fronttheifame, when the point F 
Is come; to: f, the:Eiameter B/1iriwill be joyned 10 the diameter 
f 9, and.\{o, of the xeft.:;; Burt you mark'the diſtances A 7, 
Am, An, onevery diameter, as E 12, F 14, &<«c.itis evident, 
that while the circle ABD rouls on the baſe A b 4, the points 
Imn7 pq of every diameter meet one another in the diagonal 
line DMN O©P4:. For when the point:iA of the circle is 
come 7o e; the ipoint ['T2::On the diameter Ei 10 will | be in L, 
bccAule: that the” diftances 10,'12; D lare equal; and by the 
lame reaſon the pbint' 1:3 'wiltbe in. M; &c 

-- But moreover, when E 10s placed on e 8, and the point 12 
on the point L, the point D of the circle ABD will be in the 
paint 14..0n the arch 714.2: For the $emicircle 8, 14, e re- 
preſents the Semicircle'E D..1o ;. and as the atch 10D 1s equal 
co'the :arch D Kby. Conftruttion;' when the point 10'-by the 
movement of the citcte is*.come tothe :point 8,: the poirt D 
will of.neceſſity be on!ctheipoint'14 in the arch LKL 14. ; fo 
that the portion L'14bf this-arch will-be equal to the Portion 
L K of: the lame arch: Inlike manner, 'when' the [point rx is 
_ cometto the point 9g, the ſame point D will be on the point 15 
in the arch 7 M 15, ſo that the arch M 15 will be equal to the 


arch m , ec. 7 WS erik | 

DE IOs - - * > Oo SPY 
Fig: JT the precedetir Figures *ris demonſtrateg that the ſpace 
169. K of the moiery, or half of rhe Evicycloid, A bd 17, 16, 1 "4 
72, 15 equal to the halt ofthe Quadrilater Ab d.X D, Joined to 
Mr EDA Coo INTERRED. 

Fg. +73, I have ſhewn before that the Tine DM O Q4 di- 
vides the mixe quadrikirer AÞdX D in, tg equally, It rc- 


mains then to demorRrate”.that the ſpace D,L.OQ4 17, 4 6, 
15, D, contained by the Tine DM OQ 4, and by the half of 
nc Epicyclo:d 0, 05, 16, 37,6 8 equal io the gENCcrating ſemi- 
Ci1Cie IDB A. By ns; EE eg Pb HABIT 
By conftrudtion, the whole gererating ſemicircle is divided 
mto mixt Q ud: Haters, as ml tm, aud wito WO Uilincd, or 
: qo lined 
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3 lined figures PK7,.r E A : Burt alſo the ſpace DMOQ #4 


| \ FY £ 
17,26, 15;"1:4þ. DD, isJiyaded by the ſame Fiteles deſcribed From 
the centre Y, into ſo many 4 ſided, and-3 ſided ( or 3 lined) 
fgures, as arein the generating ſemicircle ; ſo that the arches 
of every Circle contains ſo much in the generating circle 
which in the ſpace are equal: between themſelves, as the arch 
M 15 in the ſpace is equal to-the'arch M / in the ſemicircle, 
which is evident by the formation: of the- Ep:cycloigt ;. Where- 
fore the mixt Quadrilater, asL 14:15: M in the ſpate is equal 
to the: mixt'quadrilater LK 1m: in the ſemicircle, for they 
have the ſame breadth, and: are incloſed in equal arches : : Bur 
each of theſe Quadrilaters equal in the circle and in the ſpace 
being conſider'd as Indivifibles of the one and the-other, it 
will follow that the ſpace will be equal to the ſemicircle; which 
was to be demonſtrated. 0 


 Scholium. 


Keeping to the ſame Demonſtration, if we ſuppoſe that the 
point Y is infinitely removed fromthe baſe A d, which baſe 
1s 4 right line in this caſe, and .the Quadrilater A4XD is a 
rectangle, which is then. equal to the generating ſemicircle 
ABD taken 4 times, as appears by its' generation :' Whete- 
fore the ſpace A-b 4 17, 16, 15, D, will be equal to the ſemi- 
Circle A B D, taken twice together with the ſame ſemicirc]e 
which is equal ro a ſemicircle taken, 3 times ; the line 4-16 D 
in this caſe is called Cycl4;d, or [Trochoize, and.ſometimes 2 little 
wheel. '- + i od i tors ads on. w_— OO 

PROPOS: 0: 
FF He ſpace of the outer Epicycloid is to its generating circle 
M-: as 3 rimes the diameter of the circle which is the baſe, 
together with 2 times the diameter of the generating circle co 
the diameter of the circle of the baſe. SEK. 

_Burche ſpace. of the inner Epicycloid is to its generating cir- 
Cle, as 3 times the diameter of the circle: which is the baſe, 
leſs 2 times the diameter of the generating circle, to. the dia- 


meter of thecircle, which is the baſe, 
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The Dimenſion of the Lines of 
Epicycloids. EEO 
Of the touching of Epicycloids. 


Lemma I. BN 
Fig. 24d Bio the circles be EBF, FH which rouch eack 
- other outwardly in F.. Having join'd the cen- 
res K C by the right line EK C whach paſles by the point of 
contaRt, or touching. F ;, from the extream E. of the diameter: 
FE, draw a right line E B, prolonged to: the other circle-in H. 
_ I fay, that the arch. FH is. greater in length than the arch FB.. 


Eemma 2... 

Let the 2 circles be EBF, FHI, which touch eack other in F, 
from the centre K of one of the circles draw the line K BI,. 
meeting them both in B and in FE. 

L ſay, that the arch FHI is greater in length than the arch FB. 


FECTED S. I. 
on | _ Problem. - 
Zo find the point of Conta#t, or touching of the outer Epicycloid.. 


Fig. F Et the outer Epicycloid be G H'M, whoſe baſe is the: 
175.4 circle GA, deſcribed from the centre C.. And kt the: 
generating Citcle TH A: D- of the Epicyclojid be placed in ſuch: 
manner, that the deſcribmg point H be on the Epicycloid in: 
that point in which the rouching is made : If by the centre 
C of the circle of the baſe, and by the centre O of. the genera- 
ting circle you draw the right line C A OI, and by the ex- 
rream I of the diameter A I you draw the right line LH to- 
the point H.. 

t fay, the right line I H touches. the Epicycloid in the- 
point H. 

Lemma Þ$. 

Fig. x76. Let the two circles be F A E,, FR D: which: touch: 
each other in F, having their convexities- of the ſame fide, and! 
that the centre C of the circle F R D: be out of the diameter F E. 
of the circle F AE; having, drawn a right. lme E A D* from: 
the extream or end. E. of the diameter F E, which cuts the cCir- 
£<& F AE inthe point A, and the-cucle FR Din the poinen. 
 LAY'>. 
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 Ifay, tHat:the-arch FRD is more in length than the:arch FA. 


Lemma ' 4. ; 
Fig. r757.. Let the two circles -be FS; F R which touch in F, 
and: that have the convex parts of the: ſame fide, and ler the: 
centre C of the greater be on the diameter of the lefler lengrh- 
ned; if you. draw the line C R D from. the centre C whictr: 
cuts the z circles. in R and D: | | 
I fay, that the arch FR of the leſſer is. greater in length: 
than the arch F D of the greater. £8 


PROPOS. I. 
To find the touching of the: inner Epicycloid.. 


An Advertiſement. BOP 

TR three kinds of inner Epicycloids ; the farſt is whem 

. the Diameter of the generating circle is leſs than the ſe- 
midiameter of the circle which is in the baſe; the ſecond; where 
tis equal to it ; and the third, when tis. greater; we have ftiewn: 
at the end of the: Dimenſion of Epicycloids, that is among the in- 
terior or inner, that thoſe that are of the firſt and.third kind or 
ſorr, are the ſame ;. for that whoſe diameter of tts generating; 
circle is leſs than the ſemidiameter- of the circle of the Baſe, is: 
the ſame as that which on the contrary, the Diameter of its; 
generating Circle is greater than the ſemidiameter of the circle: 
of the Baſe, if the circle of the bafe is. the fame, and' that the: 
generating Circle of this laſt, have its diameter equal to the dif-- 
ference which is between the diameter of the Bafe, and the di- 
 ameter of the generating circle of the firſt; wherefore I ſhalk 
fpeak only here of thoſe Epicycloids,, whoſe diameter of the ge- 
nerating. Circle, is leſs than the ſemidiameter of the circle of 
the baſs ;. For that which: is of the ſecond kind of inner Epi- 
cycloids, *tis 2. right line equalto. the diameter of the circle of: 
the bale.. | f 1 

Fig.. 198. Let the inner Epicycloid be M H, whoſe bal is: 
the circle AB M, and its centre in C, and. let the generating, 
Circle I HA of the Epicycloid;. be: fo placed; on the baſe;. thas 
the point deſcribing H be on the Epicycloid.. From the centre: 
C of the baſe having drawn theradius-C A to- the point touch- 
ing A. of the: generating. circle: with the. baſe; whicts paſſes al- 
f@ by the centre of the. circle. h; ___ Efayw 
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[ {ay that the right line 1 H drawn from'the extream' Fofthe 
diameter of the generating Circle to the deſcribing point H, 
will FPUGH the BID in the ſame poine H. 5 hare. 


* Lemma * 


Fig. 179. | Let the ſemicircle be $ T-A R, whoſe diameter 
is $R, and let the circumference be divided into ary number 
of equal parts that you pleaſe, ſo they be even. From the 
points of Diviſion havirg drawn the perpendiculars to the dia- 
meter SR, and the touchings as T B which are terminated at 
the neareſt perpendiculars which are beneath. 

[ ſay, thar the ſum of the touchants, as T B, without coun- 
ting theft which is infinite being drawn by the point S, ard 
the "laſt; is greater than the circumference of the ſemicircle, 

without counting the frſt and the laſt arches of Divition, 


Lemma. 6. 


The ſame things. being put .as in the precedent Lemma, it 
-may be demanſtrated, that the :diviftions of the circle being i 1n- 
definitely {mall, the fum of the: Touchants cuting as.thole. be- 
. fore, withoat having: regard to the ficit and laſt, differ not fen- 


.ibly.from the circumference of the citcle, leaving Out the firſt 
-and lait archi « of Div ttion, 


i 
a - ff - _ 


Lew ma 7. 


"The Gino things _—_ as won, it may. be demonfrated 
| ' char the ſum- of the parts as A B which are cart off from the 
.perpendiculars of the Diameter of the circle, between the. cir- 
--cumterence A and that which is car off B of the upper :tou- 
-.Chant:T B, which is.the neareſt, maybe faund leſs. than ary 


Fall quantity: whigh may be -prapaſcd, and 'by conſequence 
the points as B, may be conlide ed ; as On the circumference of 
tho circle. I 74 


Lemma Wc 


| yp alle ales: In-the cincle DH B SH centre _is C; "and the 
Que neD. A in D,- ans in the. Radius CRA length- 
k KRO FT 2000; : 


ned ; having divided the arch D B in two equally in H, and 
having drawn C H G terminated by the touchant D A. 

I ſay, that the double of the touchant D G, or which is the 
ſame thing, that two touchants together D'G, H R, touching 
in the points D and H, and termimating at the radiufſes. CG, 
C A, are greater than the arch D H B, but that- the difference 
of theſe ſame rouchants from the arch DH B is left lefsthan the 
half of the difference between the touchanr'D A and the ſame 
arch D B. EXE CBP LE 

But as in the continual Biſe&tion of arches, we may demon- 
ſtrate always the ſame thing, it' follows, that we 'may find a 
ſum of touchants terminated at the Radij, which paſt throngh 
the points touching the next following, which will differ from 
the circumference of the ſemicircle leſs than any quantity 
propoſed; and by conſequence theſe touchants may be con- 
{idered as the arches of. rhe circle in a divition indefinitely. 
BR : Bt rg pn Ng Oe 
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' The ſame things being as in the precedent, I fay, that the 
{um of the portions of the Radij HG, B R, contain'd between 
the touchants and the circle is leſs than the moiery-or half of 
the portion B A of the Radius contain'd between the Circle and 
the trouchant D A; and for as much as this diminution which 
is augmented more than half, will:be always by .the continuak 
biſeEtion of Arches, 'tis evident, that. we may find a quantigy 
which wall be the difference of the Radiz between the touchangs, 
and the circle, which will be lefs than any: ſmall quantity pro 
poſed ; whence it fyllows,that in the diviſion of the Circle into: 
indefinite ſmall parts, the meetings of the touchants with the 
Radij may be conlider'd as if they were on the circumference 
of the circle. 


* #þ 
e a 


 - Lemma: Lo; -: 


'Tis ſaid in the 6th. Lemma, that in the diviſions of 4 Circle: 
indefinitely ſmall, the portions of the cixcumference differ not 
ſenſibly from the.touchants, . being leſſen'd-by the method pro-! 
poſed ; and that theſe rouchafits may; be taken for the arches of 
the circle, we.may now demonſtrate the.latne thing 1a:the Epi 
cycluids, and in the Cycloids, | es. | 
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Lemma 11. 


Fig. 181. © The ſemicircle B D A being divided into parts 
indefinitely ſmall as D F, and by the points of diviſion as F, 
having drawn the lines M F Z perpendicular to the diameter 
A B, and by the extream B of the -diameter A B, and through 
all thoſe points of diviſion as D, having drawn the right lines 
BD M terminating in M in the perpendiculars M F the near- 
eſt to the loweſt. 

Iſay, that the ſum of all the :portions, as D M of the lines 
B D M 1a:the ſemicircle, is equal ro the double of the diame- 
ter A B. 


FEAPTFUS Mi. 


F Say, that the bigneſs of the crooked line of the onter Epi- 
ET cycloid is equal to the right line,which hath the ſame rea- 
ſon or proportion to the diameter of the generating circle ta- 
ken 4 times, -as the ſum of the diameters of- the-rwo circles, to 
wit, of the generating, and of chat of the.baſe, to the diameter 
of the circle of the baſe. « 


FARAUFDE IV; 


#*THe crooked line of the inner Epicycloid is equal to the 
2 right line, which is to 4 rimes the diameter of its gene- 
Tating Circle, as the difference of the diameters of the circles 
of the baſe and of the Generatour, to the diameter of the cir- 
Cle of the baſe. 


PROPOS. V. 


Fig. ani the firſt place, I ſay, that when the Diameter 

of the generating circle 1s equal to the dia- 

meter of the circle of the baſe, the Epicycloid degenerates into 
aright line fince, 'tis nothing but the diameter of the circle. 

| Secondly, If the diameter A B of the generating circle of the 

| Inner Epicycloid, is greater than the ſemidiameter CB of the 

Circle of the baſe, but leſs than the whole diameter; I ay, 

that the inner Epicycloid- is the ſame as that which is me 
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bed by the circle D E F, whoſe diameter DE is the difference 
between the diameter A B of. the, generating. circle, and the 
diameter G B of the circle 'of the baſe 'and the diameter D E 
will be leſs in this caſethan C B, we may nd. the Pigngss of 
this Epicycloid by tlic 4h; Propoſition, © ©. 
Thirdly, if. the generating. Hits as its "iam ver greare c 
than that'of the circle. of the baſe, the E] eta which will be 
deſcribed bythe generating circle will be an outer " Epicycloid, 
which will be the' ſame as the {Exterior which will be de- 
ſided 6h-the ſame baſe, by another circle whoſe diameter” 
equal to the difference. of the. Geer of the LI 
cir le and of that of the bale. FEY TOY , 
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What is ſaid at Lemma 17. rouching the likeneſs or propor- 
tion of DQ to D M towards the paxts of the baſe of the Epicy- 
cloid, will be the ſame as for the'parts above the point D. 

This Propoſe is evident, ſince we, may makethe triangles alike. 
with the parallel lines on. both. lides the > point D, aS,apÞcars - ih 
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Fig. 183. Let the Semicircle be A M © E whole: TRITY 


3 >. a 2 


rence divide into parts indefinitely ſmall a 195 Er. . R, mL the 


wy 


points of diviſion CI X having drawn th <p Gular 

I'E, XRto the diameter A*M, and the Chords,A\C.A1, NN. 
which meer with the Perpendiculars of the "neareſt divitions 
from above to the points FR. +. 

I ſay, in any Segment of the circle which you pleaſe, thar 
all the portions together of the Chozds, as.C F, 1 R, contain. d 
between the circumferencecof the circle and'the\upper orpen- 
-dicular, are equal to the double of the Chord AC; ahd by the 
ſame reaſon all che pornigns,! taken rogether jn the ſemicircle, 
are equal to the double of th e Aamerer,: which is alſo the 
Chord of the Semicircle, Fs 
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rm its.cop,; %s Bobo: ys circk To "put G 
at the on ei Ting. po i be in D;. 9nd hag Rent A 
B. in this. Polition tet 't9-t &% Con! the b rl 

.Þ lay, that if we. "mak<. if, as. C A the t us fe the baſs, is . 
ra.C K, compoſed of the ge of tf fi 5 and'of the Radius- of | 
the FE crap circle, fo the doul I& of the. Chord: B Df the: 
arch B:D'6f the generating 'citele which; anfy WEIS4O © auch) 
P D of the Epicycloid, is-to_ a. fourth Prop oretbnkte that line- 
will. be equal to the arch: P- D- of. the \Fpicychid. 


A $a motion: or «eng, of, Bpicyloigare f the Exelon. 
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F 27 'Y © he PRO ay! rs cooked; On thi: Tijbe, 

The E-: fide about which apply 4  exibts line ; if ' we open: 

or: 2 "h _ of this ws: of "ns, ſo that its part. A'B betwen. 

Its extream: A and the-curve in. B be. &retcht our, then by.con- 
ſequence it. will be a ftreight line. 


1, fay,, that the, hab 4 AB, touches the. curve or Crooked: 


if w_ = 6mn;Whenee it b es 0 exsnd i at, 
[d en 0 the, flexible 1ne. which. 
ib; wal, nn Ein he —__ 1s Kt ro be ifiibed by; 


be curſe I) TEK... 4 
,B.R. OF Of ol T; 


fe fy Ae, "is: a an pig thn, Hi aths 
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© raping: 


the centre C, the top of 6 \ EOS ler a = oilt I 

 If.from the. centre C and'the Scmidiameter C B we deſcribe 
the circle, B F M, which ler be the baſe of the Epicycloid B G K, 
whoſe generating:circle will be FG H, which has for its dia- 
meter F 4 or B1, which may.be determin' d by la ing, 4s C A 
is. 


| Powers "275 
3849 By pp. 3E Fete AB, i £Q-A ouch ropattional E-H 
or A, PrmLABw A the arerr AB, of, fe 
BF: ating, Di Ll any TURF Gd Raf WH BC 


TE lamer 


| Book X. 


A 
0 


j the _ | 
grids 


Tis oy 


D; ; it is Ceprain a ed property. 


the, right. line I G-rouchant, ps 
Of Ry 1 F11 on the. p Kon -: ; Of It e .poneraring 
circle. bi 

Having prolonged C EFto Hin the circle” 1.H HR conc: 
trique. ip. the cirdle of the, Baſes). | 28rd the 


ſes: ſcribed 
'Semidiamteter. C:1;.on.F H.fgr,a Same I 
cicle Fg H.. have Jemnpatened Bing Be ;extxean (3. 
mh line: BL, Out. JETIE pomne D I, _ nf © eCitcle 


p, 
A B, Og O08 pinky z2>FD to mT” 

By Propoſ. the 6th. of the dan on of +.7 i and by 
conftru1p9zi as -2/Biare t9,AT, 19 CA :35-19:(,Þ.: But 2s 
.C.A\.istg. CP, fo.is.che;.double of, the Chozd:.D,F ,to: the 
bigneſs 'OT: Magnitude of the; -parion.. DB: of the Epicyc loid, 
which. T uy a by; the-raling is equal to the right line 12 G:: 
:Whexetose tþy. equal. reaſon 2 A B are.4o Ad; as 2 Þ Rare 
Po Aol come w/denpelirarcyha A ABage $O:Atl1 As _ 
4 5 
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-E Dare 'to'D'g; thei'z D'F ate.t6 DG; 252. FDare tg Dz, 
and by conſequent. D'G will be equate! PR ; theri the point 
of meeting of the' right line Þ F'6, __ che eirtle Fz H, Hl 

| be the exrream G 0 that _—_— 

' It remains now to” demonſtrate that- Hhe- point Gis i in the 

Epicycloid BK, ale generating, circle. is F G H.. By ' con- 

firuion. C'A; is to CP; as 2 A'Brare to' A I; by Airing 

'C A'is to CP lefs C: Athat is A  P, a$'2 AB OAT fg! 

Our b coning. the Conſequents; CA is to 2AP _ 13- 

quaFte A Bas to 2A Bro't.& Ilefs'4 A B and by tom- 

| HogRak CA is to 'C'A nivirt AB Hat 5 is CB; as: AY" to: 

2 Aﬀlels 4A Brmore 2 AB, cthatiss AT kefs z AB, or only 

'2\BI, as it, appears-in. the figure: 

Bur in taking. the half-of rhe Terms' of the laſt proportion 
EA is:to'C'B, as A'B 40: B IF: But alfo as.C A isro'CB, fois 
he length 'of the'arch E to the kngrK' of the arch B F. 
Nowby the generation of the Epicicloid B DE, the arch ofthe 
_*bafe-AF-is equal im length tothe arch-of the generating cirete 
FD; but becauſe that therwo circles FD E FG H touch each 0- 
ther in F,the line D FG cutsthe twoarches alike FD, FG,whoſe 
= 5 eep betweenthemſelves the ſame rario-orproportion as 

of he'Thotds FDYF ori thoſe of the diameters FE, FH: 

Then he mch Dis to the' arch F' G;/as FE to F'H;' or as AB 

'r0-B'E whicth''is alſo as Cit CB, 'or as the arch AErtothe 

arch: B F: Bur the arch AE is equal to the arch F D; then the 

-arch BF is equal to the arch F'G of the circle F G H, and by 

i confeqyetite the-+point'G- is-that which deſcribes the Epieyci 

'B G K; "which: was to-b& demonſtrated: -- 

For he: intiet Epicyclvils" we may Ainonftriti the ſame 
thing , only Se the form -of*- the- proportion; And for 
the Cyoloid tis to behold. by the ſame demonſtration, thar. 


the line whick is deſcribed by its-roling, is the Exctals cu! [9 
that whictr1 1s roled... 


'* Corollipy T. ; 


» Þ» Þ> 


f lf 


 Henee's It { Riſlows als by Hypotheſis thar the 4 liries C A; b B: 
C I are continual oncicrlanald For CAiS'to CP as two AB. 
to A 1, in dividing and: doubling the Conſequents,, C A will 
be to 2C'Pleſs 2 CA, as 2 AB to-2 A1 lefs 4 A B: But 2 
'CPhlls 2 CAare eqtial ro 2 APor'to:AB;- and as'2-A'B to 
2 Al leſs 4/A Bz'fo A Bo: AL ſs 2 A'B; wherefore G'A-is 
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'toABasABto ATleſs 2 A B: Butin compounding, C A'is to 
4C-A'more A B which is equal-to © B, as A'B :tw A B more 
Al leſs 2 A B, which is equat to: B I;:and.by Altern.-proport- 
tiomCA is to AB, as CB'to'B1; laſtly, being Compounded 
CAisto CA more A B which 1s <qual to C6, asC B ro CB 
more BI which is equal to CI. re ne” "oi 
MES Corollary. 2. PE = EO 
Tis evident as yet that: the line which is deſcribed: by the 
roling of a circle, is the laſt of all the outer Epicycloids, that 3s 
to ſay, that whoſe centre of the generating circle is at an 
infinite diſtance; or that which is deſeribed by the end of a 
right line which roles about a circle in the Touchani, which 
doth agree with the roling of the circle. ES 
'Tis eaſy to demonſtrate thar the ſuperficies of the figure of 
this kind of Epicycloid, when the deſcribing line runs over the 
Whole Circle of the baſe, .or that it comes again to the fame 
thing ; The figure defcribed by the roling of the whole circle, 
without comprehending the circle which makes the roling, 
ts equal to one third of the circk , which hath for Radius the 
circumference of the circk of which the roling 1s made. 
What I fay of the whole circle, the fame is intended of every 
part of this Figure. For the frgure deſcribed by the roling'of 
any . arch of a circle, without comprehending - any thing of 
that Circle, is equal ro + of the Seftor of a circle, which has 
for Radius the circumference of that arch, and of which the 
:arCh is like to that of which the roling js made; -It with be alſo 
the ſame thing for the roling of a greater ,arch,: and of the 
whole circle. For that which is the crooked line of this 
Epicycloid, or of that which is deſcribed'/by the roling of an 
whole circle or of any arch, : which fhall-be always equal io 
half of the circamference of the circle or of the arch of which 
wetake = of the ſuperficie, for the ſuperficie of the Figure de- 


3 


ſcribed by the roling. + 


Iz 


Of the uſe or advantage of Epicycloids in Mechanicks, 


[4 Bhs the right line A D be a determined kngth, and 
137. KL. movable on a Plane about.zs extream Az; and on the 
. Game plane let there be another right line © B, yy 
NE (oOWar 


- s. & de PID [ b 
bs, W's BL 
i 7 
' [ 


? 
6 


extream ©: . if 


towards B, and movable on the plane abquy its 
.the 'Extteam D of che.line A:D'is-led into E:and R, by the line 
'C B;. which moves:irſelf on. the pointG. + 
Tay, that if the lines A D, CB, be placed'on; the-line, C: a 
' which joins the Centers of mavement, and the points; D. and 
B be pur one upon another, there will be two powers. equal 
between themſcives, which willact with all their force on their 
lines in the points D and B, char 1s to 'fay, ( with direCtion ar 
_Tight ingles ) theſe powers will be in: Equz1ibris; but if the lines 
.Change their poſition, as AD into AE; and'CB:into-C BE, 
the'Powers equal to X being applied; always.in. the ſame; man- 
ner to their lines, and to the: ſame places, they will be» no: more 
3n Equilibrio, but ro make them in Equilibria, we mult have 
another power Y greater than X applied in B, on: CE; ;and 
this Power Y' ought to be ſo much greater, as.the:line-C:B E is 
removed from C A. er GI co td bt 2 21 

' From the centre C and Semidiameter C.D:or-C'B; Having 
deſcribed the- circle:BB,  *ris evident .that CE is: greater. than 
CB. But from the point E having drawn'E Grperpendicular 
to A-E, and E F-M: perpendicular ro: CE, and:by theipojnt - A. 
tbaving- alfo:frawn HAM parallel to CE, : iff from: any:pointF 
.of rhe lineEF we draw the line F:'G'parallet' ro CE, ithe two 
ariangles F E-G, M:E-A-will be alike, for they. are: refttangled, 
_ . angitheir angles'in- the point E- are equally together'to a right 

angle, becauſe of the:right-angle A E G. Eg 

If we ſuppeſe now. the ipart E F indifinitely. fmall, *cis evi- 
dent thar'the -line CE cannot be.moved: from” E to: F: abour 
the *-point C, without: cauſing 'A:E.to move to G. about-the 
- Pot A." Burtt follows from cheLaws of Mechanicks, that 'to 
make. an- Equiibrig berween the power -X: applied to the-'ex- 
treat-or end'E of ithe leaver 'A E, which: moves:acoording'as 
- thelihe EG, -and' between the power Z-applie&ronthe end E 
-.of the:Jeaver: CE, which moves accordips tw: the Hne EF: 
is neceffary that X be to Z as E F ro BGy that :isto-fay;as 
AMto AE: In fing, if we ſuppgle the.power Y applied to B 
on me lever CE in the point'B, iis _—_— thar to make an 
Emjorio. DEE gene Zj aid; Y, if 1s necelilary+. that Z beitq Y; as 
CBrcCE: It follows therefore, that for to make an Equili- 
:brio terween X: applied to-E onithe: end: of the leaver AE, and 


10! inthe .compouwnti>proportion, of AM:to-Al Bjang of:CiB 
Tt irnpp en | | | to 


bt W IK; a2 Atrios ad iteoien? 2} 6 2 on 
ro:C E, which is the fame. as that of the reftangle A M, CB, 
to the reangle AF, C'E. But in the reCtangle triangle 
A.ME, the fide AM. will be always lefler than.the Hypote-. 
nuſe AE ;' and: by conſtruftion C B will be alfo lways.leffer' 
chan CE, ; whence : it follows, that the power Y Will always 


be. greater. than the power X, and that the. more the lines 
CE, AE are removed from the line A C which joins the-cen- 
tres. of the movement, the more the power Y ought to be 
greater for to make Equilibrium with the power Xx 
_ Fig. 187., We may likewiſe demanſtra:e the ſame thing af- 
ter another manner,..in. keeping t0- the common printiple of 
the ballance, or leaver. For if on MA lengthned, we take 
A H equak to A E, and conſider CE and M A Has two hori- 
zontal Leavers, the points of. whoſe props are in C and in A,. 
and that the end E of the kaver CE have a weight called Z, 
this weight will have the ſame endeavour. on the point E of 
the, elbow leaver H AE, as. on the. point M of the right lea- 
ver. qt ballance HA, M. . For 'tis evident, that the weight X 
in the point H, will be to the weight Z, as AM to AH, or 
A. E its equal. But. now if inſtead of the weight Z applied in 
E on the end.of CE, we ſubſticare a weight Y applied to the 
point B of the ſame leaver CE, for to make the ſame endea- 
vour as Zin E, it will be, that. Y wul be to-Z, as CE tro CB: 
Then the weight X will. be to; the weight Y for to make an 
= 7A in the compounded progpartion of A M to AE, and 
OL: 


'C B tC, as. before, whence follows what was. propoſed.” | 


- ». 
, 
. 
. . 


Corollary... y 


It follows from this demonſtration that a power applied in 
B to: the end of the Leaver CB, will: nor a&} equally. ,a- 
gainſt. another, power: applicd.in D to the end of the line A D 
in the meeting of its extream DN, when theſe lines are different- 
ly poſited , their powers will. always .be applied in che. me- 
5oInts of their lines CB, A D, and:they. will a&t perpendicu- 
larly ; Bur then one muſt. be fo much.greater as the line C B's. 
more removed fr | CA. IT TOR \ 2 . ON Le 
If you intend : contrary, the power. which adts mult. be. 
applied to the end: D of the line A D} for this force,or power: 
ought-.ro be leſs when the line A Dt is more removed. from: 


A C, than when 'tis. nearer, 
ST PROPOS: 
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Fig. 1 6 ſame things being put as in. the precedent, 
183. ..L 1 ay, that if on the circumference of the cir- 
Cle BB as a baſe, we deſcribe che Epicycioid B H, whoſe gene- 
raiing Circle is D E R, and Radius the line AD, the crooked line 
of this Epicycloid being join'd to the Radius C D of the baſe, 
and not making with it the ſame mixrt line, as *1 the poſition 
Where it was deſcribed, in any place which CB is placed out 
of CA; and the end D of the line A D, being put on the E- 
picycloid irs E, the power Z which is applicd in E, at the end 
of AE, as 'ris in the precedent propoſition, will be in Equi- 
librio with the ſame” power Z, which is applied inB to the 
end B of the line C B, and which acts on the point E by 
means of the curve of the Eyicycloid BE , 
Fig. 188. "Tis caſy to ſee in this figure by the forming of 
the Epicycloid, that 'in any polition,* which the line C B is 
in, which is joined to the Epicycloid, the. Arches BB will be 
always equal in length to the arches D E of the circle DER; 
wherefore let C B be in any place, and the power applied in 
B cannot move ir ſelf through one arch B B, without moving 
the other force applied in,E on the end of the leaver A E, by 
an arch E E equal in length to the arch BB; whence it follows, 
that the powers being: equal they will remain in Equilibrio; 


Which was to be demontftrated. DET. 

Fig. 189. We may alſo make this Demonſtration as in the 
precedent propofition ; and we ſhall find that the ſame me- 
thod which is managed in the inequality of powers, will. lead 
us here to equaliry by. compounded Reaſon: For if we ſup- 


poſe that the end E of the leaver A E hath the power 'X A, 


which a&ts according as E G perpendicular to AE, and that 
in the point E at the end of CE, there be a power V which acts 
according as. E F perpendicular to CE; 'tis eyident by the 
nature of rhe Epicycloid, that the line N E drawn by the en 
N of the diameter DAN to the point E, will touch the Epj- 
cycloid in char point ; ahd thar as when the point E of the end 
of the leaver C E. ſhall have run over a ſpace E F indefinitely 
{inall, che ſame point 'E of the end of the leaver A E will be 
come'to 'G, where the line F G, parallel ro E N, meets EG 
perpendicular to A E; for the ſmall portion F G of the Touch- 
| Od ant 


F821 


But having 
arch's L' 


Ts: in length 
en the inc 


at EN may be conſidered as the DM 
Je FC which meets the'eirtle'B* 

thecircle BB between CE and CF, bers be e 
to E G by the nature of the FE} picyclold ; for 
E of the bpicyc laid ſhall be come to G, the begin 


come to O ;; fo that the art will be equal to3'L. 

The Power X. runs over then tHe ſpace E G, when:-the pow- 
er V runs over EF, and for to make an E quilibeiui berween' 
theſe two powers, it mult be, that Z muſt 37 to V, as EFto 
E G, that is to Ne in reciprocal reaſon of the ſpaces run oyer.. 
Bur laſtly, if we 
point B, on ther H676 erence of the circle BB, and that itniakes 
Equilibrium with the power V, it:will come” to' paſs thar V 
will be toY,asCBto CE; then the power: X will -be to the 


power Y, in the compound reaſon of E F to E G, which is the 
ſame asE F to SL, or that of CEtoCSor CB, and of C Bto 
CE. But this compounded reaſon is areaſon of Equality, where- 
fore the powers X arid Y ought ro be equal for to-make Equi-- 
librium between themſelves, a appli, as we tuppole, 
which was to be demon. TX | EO 


' Onlliry. Wy. . 
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one oy de or rother. 


PROPOS. WM. A 
How to wie þ th Application of motzon equal t to  Eigine: 


Er there be a circle BO L whole centre 15'C, 
and another circle Þ E-F. whoſe centre is A: 
On the circle B O L, as a baſe, and for a genenerating | circle 
D EF, deſcribe the Epicycloid B V H, and divide the circutr< 
ference of the circle B O L into any number of parts, as here 
Oo Int V 


Fig. 190.1] 


de 


of 


beginning of the 
Epicycloid B. on. the cir eros of the GitcleB B will be- 


poſe < the power Y in the point S, gr in the' 
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"in K 1; "7M, hich: 


FPIFYS 
Coke 25. 4f_t f TOs B1 " Feet! deſcribed,  be-- 


os _ Eon 


Epicyctoid! 

. we pleaſe, , Fe diviſions 0 
are pr f be the toorks: 
She Wy BC! W HG, which 

A 70g e: epi he is $1 gr xy any other line as you 


Awe. An tween, 
CW Thy H> es 
of tha payis; 0þthe, 
We may then fa 
its. teeth, and. y mak 6 1t; "move on. Yb centre \C 


Now if we app! '# Fo wheel to, the hinder = rof xs 


who eels, 
og nl 

EPO EF 
which” we pre inde 


w#5 


te iws wheels bg her :mlclves. :. 
6; then a Ws by by Q. be hu ire cir 
26S (ny f [co the 
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weights will then: a WS. in.. quitibrio if ny: RARE 


chat the teeth of the ge BOL meet the pins of the wheel! 
DE F. 
Bur if we apply a weight P, forthe. cixcunfer ence of another 
wheel ST, which "which its centre common with that of the 
Y0: 0 L, Rd, WH wh ba $ BER, With of , this weight Þ will 
be tothe weight Q ; wg tC they ref reht DP wllÞbe Rl 
1n-Equilibriq ith the In bb, R, 3n all the Gifferent meetings. 
of -the two. wheels; for, The weight P making "Equilibrium 
| with: the - eight. ON il al 0 be in avid with \.the 
| weight, We of nh owt: In 
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qual —_ þ ear ot + way i ro at chat = =o be. E- 
qually. diftant' pne 10: another;; Nor, file Pegs DE HE, On tbe Cit- 
cumnferegce. of their. wheel, .: + ;.' 

_.. It. matters nor. whether it have. one or. more te EN of the 
wheel B K L, which a all rogether on the pins of the, wheel 
DEP, for there willbe no more :but the ſame force which 
will be applied againſt that of the wheel DEF. If it haye 
vir BE 25 B VH, all the force of - weight P, williadt ; 
£ * = Wet tic'R; inmeeting with the'pes D.- th" V 
it F hy you would Is two RE por nd 
xi a which he firſt acts on: the'þe els ade other”on 
the peg E, 'tis evident by the conflr WI ofthe WOE 
will ' have as much force or power 'an'the' pe Cagaihft. the 
weight R, as BV H on the peg'D agaifiſt the Gaht eieStit Re, 
and by: conſequence the foret 6Fthe weight Þ DH Hes it 
{elf equally to theſe two teeth, each of which counter SI1866. 
ces the moiety of the weight" V2 will be the —_ ag 
it you have three or. mpxe.which-a&h allragerher. 
Thus it matters not if you have :0ne-0r.mare t 


work all together, and;'js indifferent what . . part: be 
meets the-peg againſt which-ir aRs, ſince jt. will he 


ihe ks fore ; -Wgch VARGDS demonſtrated, Eenleb _— 
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'* He Engin pa diſpoſed, : As hebre for, 9 make. an Equis 
4 : lbriam, berween the, two ofghts. P, and,R.;.I ſay, that 
it you ,augment the . -movINg fores: of. g-ph6, whe whe beel B Bl, 5: 073 
which 35:the ſame thing, , 1t.. you; add hog | G8 i 0 whe 
weight P, this force, Of, this new, weight wall 2 Equally, 
all the different encountrings orpmeetings of the roothed =— 
EKL with,,DE F, on the force,. or, on .the, POWEr ,; ; Or, ally, 
on the weight R applied | tothe whedl DEF. . 


' Lince 09 "make an. Epuilin, etween. the weigh p.. aus 


mented , -by the , weight obs weight R,,.you. \myi 
Aigment the weight R ichghe be > Wet St: Y,.w] ich mult t Þe,19 
PT the 
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the weight Z{ which makes the augmentation of the weighe 


P)asCStoCB, .and then-the two weghts Rand Y toge- 
ther will make through all an Equilbrium with the two weights 
PandZ together ; *ris ' evident, ' that in any' poſition which 
theſe two wheels are in, the weight Z wilt be always in 
Equilibrio againſt the weight Y ; and by confequenee the two: 
weights P and-Z together prevail always with the ſame force 
againſt the one weight R, which is meaſured by the weight Y, 
fince it wants this weight ro make the Equilivriurs; which was to 
be demonſtrated LE be 
; 0. Ons EO OS. oh 


WW E - may place the Superficie of two Wheels in. the ſame 
" Plane, and-jnſtead of the pegs. or. pins: which ſtiould 
be fatnedon the Wheel DEF, we may make the teeth at the 
end. of this Wheel, and. give them what Figure we pleaſe: Bur 
then the teeth of the other Wheel whoſe figure will be in the 
Epicycloid, ought to. have a figure compoſed of thoſe. of the 
Epicycloid and thoſe .of the teeth propoſed, this compounde& 
figure forms is ſelf, as I ſhall explain. in the following Ex- 


i i 0 od Ui Example Te 7 tp 
_ Fig. 197. The moſt ſimple” of all Figures is the: Circular; 
wherefore I propoſe ar firſt ſight the figure of the teeth of the 
WheeF BEF in a circle. Ler rhe wheel be BEF, whofe centre 
3s in A, which hath its'teeth of a circukar Figore, as BOP, and 
whoſe centres will be on thecrrcle IPG M, which hath irscentre: 
common with thoſe of the Wheel A; let the centre of the other 
Wheel be C; having drawn the right line C A which joins the 
centers of the two Wheels,and which meets with the circle BE F 
in B, from the cemre C, and with the Radius C D deſcribe the 
circle DI; on which as'a bafe make the Epiczclid D VH, which 
hathD'G M for its generaing circle, Now if from att the'points. 
_ D'V H, of the Epicyeloi4, as Centers you deſcribe the circles. 
O N L'equat-to the circle 'which forms the teeth of the Wheel 
BE PF, the crooked line ONL which rouches alt the circles, 
 and-which will be Paralletro: the Epicycloid, will form - the 
fgure of the teeth of the Wheel BK, that is to fay, that part 
of the: tooth whictr ats againſt the part of ' the circular tooth: 
which ir meets irvits motion, for to che other parts of the teerti 
which it meets not with,--I have already ſaid that they may: 4 
LEW = ma . 
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made of what Figure you pleaſe ; bur you ought always 10 
| make choice of thoſe which are moſt durable, and moſt proper 


wo reſiſt the force of the motion. 


 TIfay now, if you apply equal powers to theſe Wheels with- 
in the diſtances of "their centers © D, A D, in any place thar 
the teeth meet, you will have 'an Equilibrium every where; 


only muſt be obſerved that the'meetings of theſe Teeth muſt 
be always underthe line AC. _. "h 

By the 34. Propolition-in any place that the Epicycloid DV H 
is applied to the point D of the, Wheel D G M, in making 'it 
move. about the Centre A, it witl make an Equilibrium berween 
the equal Powers. For if one of the powers cauſe the other 
to move, it will caufe it to. run over a-fpace equal ro that 
which the fame runs over ir felf. Bur by conftruftion of the 
tooth O N L, we fee. that the crooked line ON L meetmg the 
circle B z P makes the point D fo much advance, as if the 
Epicycloid D V. H met it: For the diſtance berween the Epicy- 
co;d DV H, and the crooked line ON L is every where, that 
of the Semidiameter of the Circular tooth B z P. 

For example, when the centre of the tooth D is come ro G, 
and that the Epicycloid D V H is placed in I G, its point G be- 
ing Joyn'd to the centre of the circular rooth, *ris evident thar- 
the arch D Iof the circle of the baſe wilt be equal in length 
to the arch D G of the generating circle DG M ; Bur then 
the crooked line O N L will be placed in 071, and the circu- 
Hr tooth E » p which hath its centre in G, will neceffarily couch 
in the point », the crooked line or curve 9», for the ſhorteſt 
diſtance, from the point G of the Epicycloid ro. the” curve's » # 
will be in the point touchant » of the circle E » p, and: of the 
curve. So when the point D of the Epicycioid is come to-I, the 
point O of the curve will be come to o, the arch O o will be 
equal to the arch DI, and the curve o » / which meets rhe circu- 
lar tooth in », will be made to advance its Centre in G on the 
Epicycloid I D, and by conſequence the arch D G will be equal 
in length to the arch O 6, or D-I. RE 0997074 

I have ſaid that the teeth ought not to begin to meer or ren= 
counter themlſelves.but underneath the line A C, that is co fay, 
that the bending O N L is not proper for to a& on the circular 
teeth, bur when the point O of the curve ON E. is come to: 
 D; and by conſequence this.curve ON L begins nor to*a&@ a- 
Saiaſt the curve or bending of the cixcular rooth,” but inthe 
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;POipt Zh, where, it iS.CUt. by the cycle. D G M,. and 1t cpntioucs 
alway $:40 the. Rencounter, or. mecting.. JN. Its | arr + - P, nt, Q 
ſcent ing beneath the line AC, We . may then. tele att A 
part.Z:B of ;the circular tooth, ſince” tis Not FO total imth h ave- 
ment,.or motion, and finiſh'it on the -ccle Z 9.” We may 
allo 90, tuziſh the teeth of the other Wheel by .the carve LNO, 
and by the cirele © D,,w. ich, will. be he S und *0f tht teeth; 
Bat in this conltrudtion we ought to #0 ribute the teeth. after 
ſugh ; manner jn,each Wheel that. they. eka 10; 1 renrountet 
Pr, meet, qne not King Tet in. the Tine. AG, 'an& thay "hey 
40 Port inder. one, another above, , which will aways rac eaſy 
T0 


AIG ote, ll rpc, L N Parallel tothe Epioyeloid, 
begins always. hat ER Ki IT L and” I aftefwyrds that it 
3s berween, FE 62 Pl, ache naimetet of the'gene- 

ating, circle 1s, & 1 DB, Oo jz caly r [Oo demonl rate 


by . the generayuo Pic 47 ur. T*cobſiger nor. in 
this place Po th he. E NL 34; chis curve Chien pI withour 
the circle O pe 1 when "ris jn. this kind. eng 

+ We, ought always. to..aya n, the t; recth © edls' ro niake 
them work above the ; a8 ao WK. "joins: Whos cente £1, 

becauſe le the Wearing or. rubivg 1 in-then 15. very, oreat, 4nd t 
On. the contrary 035: Nor almoſ,. conſiderable” 11 them, bao, 
ſuppoſing that the; motion. of the Wheels will be, from above 
ro. beneath the line A C. In. the mean timeit you would that 
the tecth. of. theſe Wheels. ok in-rencountting thenzfelves' 45 
Hove A Gi it muſt be i 19, making S $ that lhew by and by, 
after Ih haye. ſhewn. a gEnera bare, for making the” tech, of 
one Wheel : in different JUUnNE1S, | hole of the Sher baths alt 
ways Given the Jam, Es Pr rang : MIO | 


8 


REY Weg erp "& 


Gu gs #&C8# © 


[E<TY IfS 


4 - He. > 9h... nee the Centre Þ of Pry Grtuby work | pro- 
poſed, : in the precedent e caiple; Trake another Point ke 
=o where 1 IEaJe, as B Qn [tt is tooth, and: by mears of this 
point I na fe Surg of Ag tooth B'N N, which ought to 
Work, with.ih REL: bur. for to Cauſe the rooth propoted 

3&t ar wor LA as yauV parts as 3s poilible, we ought” ro 
Kok ale a Ce: ia this zo2th” which may be the neareſt 1 o'the 
Ceares GC pt hs Per: "Wheel, 10 the” moon of this point 
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tHoſen? abbut- the center A 6f th& Wheel tarts which” 'His'fa(bl 
ned,” and'this:point will be the poinr'B'$9 this Pxayple! 

From the-centre C and with the Radius CB deſcribethectircle 
B-K, which-wiHl be the bafe of the 'eycloid B V V, whoſe 
generating circle is BG G defcvibed from the entre C and. 
Radius A B; 'then "from- the ceprre A having drawn the Ra- 
dius AG, froth the centte C, 4rd by the Radius CG we may 
deſcribe- the circles G'V, whick- cur the FEpicyeloid: in 'V; and. 
by theſe points V we may draw the-lines V H F, which make 
the Seder. C V I equal to the angles C'G A. ' Then on the lines. 
V HI we may apply. the figure Bz of - the tooth'propofed-in. 
the ſame manner as *ris applied to the Hhe/A'B, "in miking'tt: 
agreeable in the point B or V, and we may  dfaw the'eurve 
line:BN Nthar fhdll'rouch the carivaturet or bending'of the pro* 
poſed tooth, in all-theſfe different Poſitions; which ſame thing, 
will happen for the circle, if we take on V H the Magnirudes. 
V'H equal ro'BD' the radius of the circle of the propoſed tooth,, 
and that from the points H for a center we deſcribe thei cir-. 
cles N equal to thoſe of the tooth. 

It plainly appears by this formation of the curve BNN 
that in any poſition rhat it meets the circular tooth, the point: 
B: of the curve B NN being beneath A C, there will be every 
where'an Equilibrium berween 2 equal Powers applied to theſe: 
Wheels in the diſtances C B, A'B, from thetr centers CA : For: 
we nay demonſtrate, as in the preceeding example,that in any. 
poſit] tion thar the curve B N'N' is applied to the circular rooth, 
it-will be-diſpoſed to make'its way in the Point B: on the'cit- 
cle'B G, a TÞce. equaFto thar which the ſame point B makes: 
6n'the circle BK. For: Ty if the point Bin runing over: 
the ſpace BK on the circle B K, the ſame point B: comes ro! 
G, by means of the Epicycloid B V, which muſt be place 
in'K », bur- the curve 'B NN will be placed. in'K'», Le Irs 
point N wilEbeapplied'in the poinr'n,of the citcular rooth BZ, 
tranſported in G'n, which' will have its' center in” -b'o0n A G; 
and by conſequence the cutve K n,' which a&s gh the circu- 
lar rooth G'z in the 'point n, makes the point G to advance, 
ſo much, as if the Epicycloid” ' ſhould be placed in” K G, and' 
Joined-to-the curve K'n.- 

'Tis ealily ſcen, that if the tooth of the Wheel B'K'1 is formed? 
as the curve B'N N, it will begin ro a&'on the circalar rooth' 
BZ, in the point'B-on the-line-A'C:: 'For. ſo ſoon' as the-point* 

B: of. 
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B of the curve BN N is come to AC, and that it - touches 
the point B of the circular tooth, the 2 teeth, begin to a& one 
apainſt the other, and to meaſure how much the tooth B NN 
deſcends irs different points N, as they are applied in different 
places of the circular tooth B Z. 

Note, that if we take the lines V HI equal to B A, all the 
points I will be in the circumference of the circle A I1I, whoſe 
center is in C; and moreover, that all theſe points I will be 
the Centers of the generating circle of the Epicycloid, in the 
different poſitions whence it deſcribes the points V. 

Laſtly, we may take the point B for the Commencement of 
the . Epicycloid -in what place you pleaſe, whether within or 
withour the tooth, inſtead of raking it in B on the curve of 
the propoſed tooth, as is done in this example, and we may 
find. always a curve for the tooch which ought to work with 
thoſe propoſed, and which ought ro make an Equilibrium be- 
rween two equal Powers, which 1I ſhall explain in the follow- 
ing Examples. | 


Example. 3. 


Let the right linzd tooth be Z D, which makes with the 
Radius A Z the angle A Z D, and let the point be D of this 
tooth which ought co begin to work with the tooth of the 
other Wheel BK; having taken any pointB in the line ADC 
which joins the centers, and which paſles through the point 
D, determining to what place the tooth A Z D ſhould be made 
to move on its center A; or if the point D be not deter- 
min'd on the tooth Z D, and that there be given the point B 
of like poſition to the line Z D, or to the angle A Z D, hav- 
ing drawn A B which cuts Z D in D, we may place the line 
AB on theline AC, and deſcribe the circle B K. from the 
center C, and the Radius C B; this circle will be the baſe of 
the Epicycloid B H M, of which the generating Circle is B G, de- 
{cribed from the center A on the Radius A B. 

Then to all the points G of the circle B G, having drawn 
the Radius's A G, and from the Center C, and for the Radij 
C G having deſcribed the arches of the circle G V, which ren- 
counter in V. the Epicycloid B V M, I draw C V, and after- 
ward V HI, which makes the angle C V I equal to the angle 
CGA; on VI, Iapply theline H Z in the fame manner thar 
DZ 
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'DZ is applied toB DA, :that'is to ſay, that V H is taken e- 
qual to-BD, and that the angle V HZ, is equal to the angle 
BD Z, the lines H Z'will interſe&t them all, whence we may 
draw the-curve line D N which will touch them, this line D 
N will be: the figure of the tooth which we ſeek, and which 
ought-to-be applied to the wheel 3 K. | 

*Tis evident by*what is-demonſtrated before of -the forma- 
tion of the fecond teeth on the firſt which are given, that the 
curve D N of the tooth applied to the wheel B K meeting the 
right lined tooth D Z below the line A C, and beginning in 
the point D will make every way an Equilibrium between 2 
equal powers applied to the 2 wheels in the diſtances of C B 
and A B, that 4s to fay, in the extream of their Radij ; for if 
we ſuppoſe -that the line CB have tranſported the point B toK, 
che Epicycloid B V M will be placed in K G, and the line A B 
will be placed in A G, fo thar the arch B G will be equal in 
length to the arch B K by the property of the Epicycloid. 
But then in this poſition, the. rooth will be in AS#&4, and the 
curve D N being putinE », its point » which is the ſame as 
the point N, will touch the tooth in-zz; and even as in all the 
points as G and K the motion will be equal, there will be eve- 
ry way an Equilibrium between the two equal powers. 
| Where Note, That we ought not to determine the length of 
the right lined face Z D of the tooth rowards D; for it may 
happen in fome caſes rhar the curve D N may not be touchant 


ro all the lines, as H Z, for theſe lines H Z interſe& nor, their 


extream H being derermined and they rencounter not the next ; 
and if we ſhould draw the curve line D N N through all the 
points as H, it would happen that only the end or extream D 
of the tooth would work, ard would notwithſtanding make 
the morion equal, but this is nor that which is propoſed in this 
place, 


Ex ample 4+» 


Fig. 194. We may yet make another fort of right lined 


rooth, the face of which tends to the center of its wheel, ard - 


by this means the tooth which acts againſt it, has not its face in- 


_ Clined to the circle on which ir is faſtned, as in the preceedi; g. 


Fn Exams 
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Examples, and this'kind of tooth is one of theeaſieft toexecute in 


great Engins, and moſt ufeful for the motion. Þ _ | 

Let the face be F.D of this right lined tooth which tends to. 
the center A of its wheel, and which is placed in the line A B 
C which joins the centers of the wheels. By any: point B of. 
the line A C, and from the: center C, deſcribe the- circle B K 
which is the baſe of che Epicycloid B V, whoſe generating, 
Circle is B G, deſcribed from the center. A and the Radius A 
B; having drawn all the Radij. A G, and the lines C G which: 
are the Radij of the circles G V which rencounter the Epicy- 
cloid in V, whence the angle C V I will be made equal to the: 
angle CG A. Laftly; whence we may draw the curve DNN. 
Which will touch all. the lines VI in their different poſitions, 
and which will be the figure of the tooth which ought to be 
applied to the wheel.B K. This tooth D NN rencounters. 
ke face F Din all-its different poſitions, and will make every 
way an Equilibriam between 2:<qual powers applied ro their 
wheels in the diſtances of C B and A B. For the curve DN N 
being placed in d n, which is- faſtned. to the Radius CK and 
rencounters.the face A F D: of the tooth propofed in » in the 
polition A G, will make the fame effect on the point G, as the 
Epicycloid. D V placed in K G, as -I have made. appear in the 
preceeding.cxample. 

'Tis eaſy to behold:by what is.explained before, that it will: 


Nor be difficult to forin the tooth which we ſeek, that which 


is given being of anothes: figure than the circular or right. 
lined, as Parabolique; Hyperbolic, andthe ſame: in the Epicy- 
Cloid.. - fo 


"FROFOS. VI... 


Ne may deſcribe an Epicycloid: on a. bafe which: is con- 
centrick to the wheel which carries. the propoſed rooth,. 


> Iu 
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and by means.of this Epicycloid, we may find-the Figure of: 
the ſecond tooth, as in the precceding propoftion. 


Kr. 195. Let ZD.: be the. f6gure of the. tooth propoſed. 
which is applied ta-the wheel. Z, the. center whereof is A; 
and onthis hrſt roath mark_the paint.D, which ought ro begin 
to work or a(t. with the ſecond toath. that we. ought to apply. 
2 the other wheel, place the. tooth 2 D: in making LY 

| . WAB: 


/ 


with its wheel about the center A, ſo that its point D be on the 
line A C, which joins the centers of the 2 wheels ; in this 


poſition of the tooth Z D, having markt any point B that yat 
pleaſe on the line A C, from the center A, and with the Ra- 
digs A B deſcribe the circle B G, which will be the hafe of the 
Epicycloid B V, whoſe generatiwg circle is B K, deſcribed from 
the center C and Radius CB. | 

'Tis evident by what is demonſtrated before, that the Epicy- 
cloid B V being faſtned to the Radius A B, will fo much ad. 
vance the point B from the Radius CB, as the ſame point B 
advances. on the circle B G in any poſttion that the Epicycloid 
ſhall be, as if it is tranſported to G K, the arch B K will be e- 
qual in length to the. arch B G, and ſo the difference being 
every. Way the ſame of theſe arches, they will alſo be-equal 
in length, in manner as it the Epicycloid is placed in G K, the 
point G will not advance any ſpace, but will be on. its arch 
B G, and it makes not ſo much to adyance the point K on the 
arch B K. EEE | 

Now to all thoſe points K of the circle B K, having drawn 
the Rad) CK, and afterwards A K, and from the center A 
and Radius A K, having deſcribed the arch K V which cuts 
the Epicycloid.in V, and the line A C in F, whence the arch 
K L will be equal to [the arch V F, and then drawing L A 
which will cut the arch -B G in G, whence 'tis evident, that 


the portion B V of the Epicycloid may be accommodated in - 


G K. | 

Having made the. angle CBI equal to the angle CKA, and 
BI being equal to K A, whence alfo the angle-BIg will be 
equal to the angle K AG, and on g I equal to A B, Or ro A G, if 
we apply the curve E N Z of the tooth given D Z, in the fame 


manner thar it is applied on B A, as if we tranſport it ſo thar 


the poinr B be put or placed in g, and the point DinE. - 
Laſtly, the Curve of the propoſed tooth in all its difterent 
poſitions will form another curve. N N D by a line which will 
rouch them.all, which will be the figure of the ſecond rooth 
which we ſeek, and which ought to be applied to the wheel B K, 

or to the radius C B YU in the manner which 'tis defcribed. 
*Tis evident, that this curve N ND will ſo much advance 
the point B on its arch BG, as the fame point B advances on 
BK: For when the point B is placed in K, the curve N D 
vill advance ihe ivoth ZD in Sd, for the point » of this 
Pp 3 CULVE 


» 
a ee des oe een tes. Said 4 n ht 
» $© **x< __ —-”. fy 1 = _ 


2:02 Mechamck, Powers: Book %. 
curve which rencounters-the. tooth in the. poſition S » 4, ren- 
counters-it.in the ſame. manner, , and. in the ſame. place as the 
point: N' which it forms. So the Epicycloid will be-it the po- 
ſition G K, andiby. conſequence two.equal powers being ap- 
plied' to:theſe rwo. wheels in the. diſtances of their Radii A Bs 
CB; will.a& every. way equally, and will make an Equilibrium 
in all the Rencounters of the teeth of the two wheels. 


2 


PROPOS.. VII. 
To apply a little Wheel inſtead of a Tooth to the. Wheel of* 


an Engin.. 
Pig. F Have noted in the 6th. Propoſition, That-the ſecond: 
196.:E Tooth ought not.to begin to work. with the firſt, bur: 
on the line AC; becaufe that the wheels having their mo- 
tion above or - below-this line. the faces of the Teeth whick: 
rencaunter themſelves in their removing one. from another; 
do-only rub one another in makihg their eſcape, which cau- 
| «= ſes not any ſenſible hinderance to the. motion ; whereas when : 
F the rubing is made by the rencountring of the parts. which 
venter or come upon: one. another, the. Impediment to the mo-. 
rion 18 very. conſiderable, and is that which we chietty ought co. 
avoid 1n Machines and Engines. 

Behold! here: a particular conſtruction for: the Teeth of: 
Wheels of a great: Engin, where the. faces which rencounter- 
themſelves or meer; are made ſo that-they rouch one another. 
without rubing or:wearing, and what remains.1s only. made.on : 
the Axis,o0r Pivor.. | 

The conſtruftion of thefe Teeth is the ſame as thoſe of the- 
firſt Example of the 6th. Propofition, but the Application is. 
different: In the 6th. Propoſition the circular Tooth propofed. 
is ſtayed. firmly by the Wheel; but in thofe here. that is a lit-- 
tle wheel which is moyable abour. its centre D, on an axle- 
tree, or pin, placed. at the end of the Radius A D;. there will- 
be then no other fretting, or wearing, in this Engin, than thar. 
of the little wheel BZ P on its axis ;. for the circumference 
will apply it ſelf every way, without fretting, or Wearing, on. 
the Curve.of the other Tooth Q N L... 
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'Tis evident, that this application of the little” wheel cannor 
make any varying from what I have demonſtrated. of thic cir- 
cular Tooth in the 6th. Propoſition, and that the effect of the 


Engin will be the ſame :. For it matters not. wheiher the 


Curve ON L rencounter or meet the circle O Z P of the lit= 
tle wheel, or the tooth of- the.ſame figure, ſince. its center D. 
will be.always the: ſame way. 


PROPOS... IX: 


The Conſtrudtion of an Engin to raiſe Water according to 
the. precedent Form. . 


Fig. F; M OI isa great Wheel made of. great pieces-of wood: 


197.4. Joined together. one with: another, which is poſited 
ar placed horizontally, the Axis, or Tree A B, of this Wheel is 
a large piece of . wood which is moved by its baſe on a Pivyor, . 
or Spindle P, being only faſtned at top with a pin of Iron to 
keep. it always perpendicular :: This Wheel is toothed; or wa- 

ved, on the edge after the manner of Wheels in rencountring, . 
or meeting, in common Clocks ; and it hath. bout 5 Teeth, as- 
O I, which act in paſſing upan the httle Wheel RS, which is. 
movable on its axis C : This Axis is faſtned to. the armD C, 

which is likewiſe movable about its axis D, which is ſtayed | 
firm at any union : The arm D C is join'd and faſtned.: to-the- 
portion of the. circle D E F, ſo that they. cannot move the one- 
without the other ; on the thickneſs of the arch E F it muſt 

have a double flat chain H G, faſtned towards: the top in E,. 
and this Chain hath two rings at the end of it, which ſu- 

ſtains the handle of Iron which carries the Pin, or Peſtle, of a 


drawing Pump : The Leaver, or Arm N, of this Engin paſſes 


in the. Tree in, B, and may, be ſtayed if one wilt by. the 
wheel.to make it more firm ; ir muſt have two: little Wheels, 
ſuch as thoſe I am coming to deſcribe, which are diametri- 
cally oppoſite under the Wheel, and which do always a& by 
rurns one after .another ; for by. this diſpoſition of. the little 
wheels when one appears in the bottom, or hollow of the wave, 
the other appears..on the top : Burt the Wheel turning from 
© co1, the little wheel deſcends in the. rencounter.to the part: 
© Q of the wave, and amounts again in the other,, we muſt 
conſider: 


292 
conſider but-the-part O Q of the wave, for there is bur thar 
that works for to lower the little Wheel which raiſes the 
Peſtle, or Sucker, of the drawing Pump, and which ſuſtains 
all the weight of water ; the little Wheel mounting again in 
the other part of the wave makes not any effort or endeavour 
againſt the Wheel, for it follows only the hollow turning, or 
winding of the Tooth, nor being raiſed bur by the weight 'of 
the Peſtie, or Sucker, and its handle, and of the Triangle D E F, 
which fall again bereath by their proper weight, which we may 
-make very near equal to that of the little wheel, 

All the effort of the Wheel is made only by its weight in 
ſach manner, thar if it is as heavy as the weight of the Co- 
lumn of water which it ought to ſuſtain in the body. of the 
Pump, the diſtance of the Leavers being compenſated, *cis evi- 
dent that there will not be any conſiderable rubing on the 
pivor P : But ir muſt be always ſomewhar heavier, ſo that it 
3may not £0 our of the Iron wherein the Pivor plays, for other- 


wile it will work on the two little wheels all the time, which 


muſt be avoided. 5 OD 

The number of Teeth of this Wheel ought ito be odd, {fo 
that-it may have always one of the two little Wheels oppoſite 
which work, and that the power which moves the leaver N; 
may aQ always equally, and not by jumps or skips, as it com- 
monly happens in thoſe Engins which : have nor one or tv o 
wheels. *Tis in this that the principle direction of the con- 
firution of Teeth, and the poſton of '{mall wheels confiſts : 
For which, thar'we may always keep to the rule in the form 
of the Teeth, we-muſt have refpe& ro the proportions of the 
heighr and length of the Teeth with 'the diameter of the 
wheel. TR FEbLh : 

We mult obferve that "tis not Potlible thae' the face of the 
Teeth, or. of che waves of the wheel, fhonld work in every place 
on the littfſe wheel ar equal diftances fromthe Axis of the 
wheel; beczuſe rhe morion: of the wheel 45 citcular and © hori- 
zonal, #nd that'of tae-linle wheel 1s verixeal'or perpendicut- 
lar ; for it happens that when 4he Teeth rercounter the little 
wheel in their lower part; and from thetr' point, if the Axie- 
tree of the little wheel is equally removed frohy the Axis of 
the wheel, ir will be nearer when the little wheel is towards 
te moiety of its deſcent, which will be eaiily known in * 
plane ; this diftererce of removing wil caute a iitle fretting or 

| WEAaring 
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wearing. of the face of the Tooth with the little 'wheel : Bir 
theſe are ſuch faults which are impotiible ro be whollv avoid-: 
ed in Engins, and we ought to reipet rhoſe which have the 
leaſt, or the leaſt conſiderable, for the moſt perfect. 

For the conſtruftion of the Teeth of the great wheel of this 
Engin, we ought to conſider them: as it they were in the ſame. 
plane as thoſe of the little wheeh, and when we have deter- 
min'd the figure, we apply it on the wheel ro the place where 
it rencounters, or meets the little wheel, {ſerving as a profile or 
fic ſize cut fromthe figure of the Tooth. 

Fig. 198; Having determined the center D of motion of 
the arm D C of the little wheel RS, and the {ſize D C of the 
arm, from the center D, and by the Radins D C deſcribe the 
circle C E, on which draw the line ABC touching in C;. 
on the line B A for a baſe, and CE for the generating circle 
deſcribe the Cycloid C V V, and through all its points V V as 
centers deſcribe the circles N equal to thoſe of the little wheel ; 
I ſay, that the crooked or curve line SN N-which touches all 
thoſe circles will-be the figure of the Wave. 

If we imagin that the right line B A moves from B towards 
A on the ſame with the Cycloid CV V which is faſtned to it, 
tis evident that every point B of the line BA will have fo- 
much of the way. as the point C will have about the center D, 
being moved by the Cycloid'V V : For if the point C of the- 
line B A is tranſported in T through the ſpace C T, the Cy-- 


cloid C V will be placed in TE, and the point C will be arri- 


ved at E, on the arch of the circle CE: But by the generart- 
on of the Cycloid, the arch CE is equal in length to the right: 
line CT, then two equal powers one of 'which moves the line. 
CT on the ſame, and-the other moves the point C about the: 
center D, will. make -an Equilibrium every where, for we 
ought to:conſider the right line B-A as the circumference ct a. 
circle whoſe center is infinite or endleſs. ; 

Bur now if inftead-of the point C of the Radius: D C, we- 
apply the little circular wheel R$, whoſe center is in C, 'tis- 
plain by the conſtruction of the curve SN N that it will have the 
{ame effect oa the center C of the little wheel in rencountring 
1s Circumference, as- if the Cycloid*C VV ſhould rencounter: 
only the point C: For the center C being pur or placed-in F.. 
the point N. of the-curve-S NN will be placed in », ſo that E. 
2. will be a ſhorter diſtance from the point Eof the:curves. - 
<T In. 
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In the conſtruttion of the Teeth of. this: Engin, one- ſerves 
-not all:the curveS NN form'd on : the whole: Cycloid, but 
only on one part, and that which you pleaſe, - for otherwiſe ir 
would happen: that the waves would be too great. 'We may 
then take for Example 'in Fig. 31. the middle part N-X of the 
whole curve SN X F, which is formed on the halt-Cycloid 
CN; ſo the bottom of the wave will be formed by the circle 
of rhe little wheel-in- the. poſition N Z P, and its :point will 
-be in the point X; we may give very near the ſame figure to 
the part of the Wave -which mounts up again and' works nor, 
to the intent that the little Wheel may roul away more eaſ1] 
1n remounting within the bottom. 
Fig. 199, We muſt note,that-when the little Wheel is come 
to the end X of. the Wave; the center M of the little Wheel is 
not ſo far as.it may be from the. point .X, . that is to ſay, that 
the line M X is not perpendicular to B C: Bur as the point 
X deſcribes a line parallel ro B C, it works only on the cir- 
.cumference of the little Wheel, until chat the point M is 
Come Within the line MX, perpendicular to BC. the center 
M of the little Wheel will defcribe then in that place a ſmall 
arch of a circle equal to thoſe of the little Wheel, and it will 
happen that rhe point X of the: wave will be blunted or 
dulled a little in the ſucceſſion of the work, which will nor 
happen if one ſerves for all the curve N X F; for the wave will 
not be one point from its extream F, as in the point X, be- 
cauſe that the Touchant of the curve in F 1s _.Parallel to B C, 
and the Touchant in X is inclined to the ſame line B C: Tis 
.evident, thar. the work of the point X will only endure fo 
mach more time as the little Wheel 15 more great; fur the 
.arch which the point M deſcribes, will be greater for draw- 
ing the point M, in the line drawn by X perpendicular to B C, 
than if the Radius of the little Wheel ſhould be leffer : There 
is ſtill one inconventency in a great little Wheel ; for it muft 
have. greater ballances on one tide, and on the other under tHe 
wave, becauſe that it moves on two points one of which is its 
Pivot, and the other is thar of the arm and of the Portion of 
the circle which carries the chain, which will not be ſo con- 
fiderable in a ſmall Wheel : gut it the lirtle Wheel be very 
ſmall, it muſt rake away a greater portion of the curve N.N, 
to form the. wave that it may have always the ſame Eleva- 
ti0a in.che-peſtle, or rod, of the. Pump. TIT oy 
; 'Tis 
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 BookX. Mechanick Powers, 297 
-*Tis eaſily ſeen that the chain which. is faſtned to the portion 
of the circle, ſerves to raiſe the , Peſtle always perpendicular, 
which is a very good uſe in theſe ſorts of Pomps : For ,other- 
wiſe if the handle which carries the Peſtle, be only faſtned to a 
Leaver movable about an axis as D in this Engin,it will happen 
that the Peſtle will be drawn ſometimes ro one ſide, and ſome- 
times to the other, and wear unequally in the body of the 
Pomp in working, which will deſtroy it in a third part of the 
time, as I have obſerved in ſome rencounters. 


PROPOS. X. 


IVe may likewiſe apply the ſame conſtruttion to wings, or to 
the Axle-tree of Mills, which have their Wheel wertical, 
and whichare for Powder, for Paper, for Fulling, for Forg- 
ing, &c. or it may raiſe Peſtles, very near as you ſee re- 


preſented in this freure. : 


Fig. F Shall here repreſent only two of theſe Peſtles, but we 
200.4 may put as many as we pleaſe, or as many as the mover 
of the Wheel can make to go ; you muſt always put two wings 
oppoſite, as A B and C D, to work on each Peſtle, to. the end 
that when one of theſe Wings as B having quirced the little 
Wheel E from the arm of the Peſtle, and thar it is fallen, then 
immediately the other Wing A, which is oppoſite to B, begins 
to relieve 1t. : DO WW 
| We may alſo obſerve that if we have two Peftles, it behoves 
that the wings which belong to cach one, will be applied 
one after another, to the axis of the Wheel, as we ſee here, 
where the Azis is to 4 Panes, becauſe that it harh four wings 
and two Peſtles, and where the wings A and B are applied 
10 the two oppolite faces of the axis, and rhe two other wings 
C and D, which belong to the other Peſtle are applied to rhe 
rwo other oppoſite faces of rhe fame Axis : If we would then 
have three Peſtles. and fix wings, we muſt cur the Axis, or 
Tree, into 6 panes, or fides, and if we would have four, we 
muſt cut ir into 8 ſides, unleſs:we apply two Peltles. on the 
fame face, and then there needs but half of the faces ro 
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gether, which are apptied ro the fame' face, bur: 20 mingle. 
them with: the others, that. fo the: Endeavour, or elle&t, may /;--/ 
diftribpre ir {eff equathy on the Az3s, or. tree, 
the. raiſed: Peſtles-ſhould not-be-together.. 


that 4s:to ay, that: 


1 db noe: repreſent” in this figure but one of the kinds. of. 


making the motion equal; which is by giving. a erooked figure 


to. the wings which are faſtned ro. the Axis:.of the Wheel; and: 
by. placing the title Wheels te the end. of the. arm of. the- 
Peſftles, although there be yet another, in making the. arms. 
of the- Peſtles-of a. curved or crooked: frgure, and. in applying, 
the little Wheels to the.end:of the right wings of the Axis of: 
the. Wheel: Bur I will explain thefe wo kinds in the.con- 
fruGtion . of the Curves-or.Craoks. | __ 

have net.given here:the conjurdtien of this-Engin, nor the. 
manaer:-of- frengthnipg . all-the pieces, "tis ſufficient for him 
that regards the. Mechanicks to: ſhew: the. diſpolition,. the reſt: 
belongs to.the. Art of:Carpentry. | 


The firſt kind of applying: the Curve. to-this- Engin 3 that; 
which is repreſented-in the precedent Figure ; let thepoinr C. 


be the Center of the Axis of: the great- Wheel, and C A the 


diftance. from the Center to- the handle of the Peftles, on. 
the right line C A having determind. the point B, which is the- 
extream'A B, .of .che-arm of. the Peſtle, and. which is the: Cen- 
ter Of. the little wheel which we apply to the end or extream- 
of the axm ;. and from the center C,.and by the Radius CB, 
Having deſcribed-the circle B Q, make the Epicyclgid B VV. on: 
che circle B Þ for the Baſe, the generating: circle baving, 
its center-at.an infinite diſtance, that 1s-to#fay, that the circum-. 
ference. of this circle is a right line, and that the Epicycloid B V. V 
3s the laft of all, which is. alſo. the Curve. line deſcribed by, 
the roling of the circle, as is-nated- before... 
_ Then from.all.che points V'&f this Epicycloid, having defcribed- 
the circles.N, equal: the circle EF of the-little-Wheel, the- 
Gurve E N.N. which touches all theſe. cixeles will be the faſhion 
or form of: the arm. of. the tree, or axis of the Wheel: 

Following:the fame: method of: demonſtration, that- I: have. 
ablerved before, it is evident. that in whatſoever Poſition the- 
arm: 


FR 


Book X. | welwck- Pot 
arm B'N-N of the axis, ſhall be-tn:tuming: dbone-its axis:T;. it 
wil have always equalizy of motipnibetween- the centey of the 
| lictle Wheel which riſes perpendiculas,and the point B which *t 
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moves about from-the:cemeer ©: For if the centey of the litths 
Wheeb B is. tranſpoſed in. H, following-.the line B: B paratic} 
to A G and perpendicular to A C, through the:Curvo: E Nr N 
tranſported in L129» aboutfromthegentre C, iwisevidentthat rhe 
point H, will. be found on the Epicycloid BY: V, removed/in K H; 
with the Curve-E N'N. removed' in Lz »:. For the: ſhorteſh 
diſtance from the point H to the Curve L nn, wilt be equab 
to- the- Radius of the litthe Wheel E F: But by the: Formation 
of the Epicydeid B V or K H; the: arch B K of #s. Balt, with 
be equat-to the arch of' its generating. Circle, which is here 
the right line B H, which repreſents alfo. the way from. the 
center B of the little Wheel, while the fame-point B defcribes 
the arch BK : But the ways BK and BH: being equal; and 
the: Powers-equal applied in B, of which the one atts to:the 
end B'of the Leaver-C B, andthe other to the: end B ofthe in- 
finite. Leaver- B A, or determin'd! to. what diſtance you pleafe 
in A, for the length of the Leavers'ought not ro-be Conliger'd 
when. the Powers are dire&tly- oppoſite the one to the other, 
it will olHow: that you will-have on every- (fide. an Equittbriuas 
berween- the ewo equal: Powers. - - | PH 
We do not conſider here the: rubing or. wearing of the 
handle of the Peſtle throughout the: hollowing of the wood ir: 
runs in, for-to- make it raife- perpendicular, for we ſuppoſe thar 
the Bodies are exceeding ſmooth, and that the rubing or wear- 
ing -hinder\not in any manner the motion. | 


P 3 . S 


The Second king. Fig. 202. 


In the Second manner it mult be that the arm. of the Peſtle. 
is of a;curve figure, and thar the licle Wheel is applied to the 
end of the.arm 'of the. Tree, or Axis of the: Wheel, © 

Phe figure of this arm, or wing; is not determined : Since 
there: is no regard, but to the lengthy from the. axis of the tree, 
even tothe centre of the little Wheel, which works: on the 
arm- of the- Bay, or. Peftle ; ic behoves only: to take. heed tha 
the:Figure as CK D, which we 'gwe to. this am, ' or: wing, 
hinder nov the motion- of:the-arm of the Peſtle.. i 
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Let: then, as:before; the handle of the Peſtle be A-G;:and the 
center of the Axis C, -having' drawn the Perpendicylar C A'on 
AG, mark on A C the -Radjus A B of the little Wheel, and by 
the point B draw the line BE paralle-to A G,, which will be 
the Baſe of the Cycloid B. V. V,, whoſe generating: circle wilt 
have the' length C'B for its: Radius:;. If from all the. points V1 - 
of this. Cycloid,- we deſcribe the;circles N equal: to: thoſe of 
the little wheel, .the Curve Hne NN which touches all: 
theſe circles will be the Figure of the crooked. arm which we 
ought to. apply to- the handle of the Peltle: Nee) 
 *Tis: (evident by the. generation of the cycloid; thar- if. we 
move the cycloid B:V:'on its baſe B'F,, in what; place ſoever 
"tis placed, as.in E D.«; the end B: of the Radius CB being, re- 
moved by the cycloid in D, the arch B-D. will. be equal in. 
length to the right line B'E of the baſe ; bat if in ſtead of the 
cycloid we uſe the' curve N N, we fee clearly, as-in the pre- 
cedent propoſitions, that this curve will- make the ſame way: 
to the point B; from the end of the:Radius, C B, in'rencoun- 
tring the little wheel. A F, whoſe center is-in B; for the curve 
»n Which rencounters the little wheel, cannot. advance its. 
center, . or make: it move. forward, but from the diſtance -of 
that center to-the- cycloid, which is: that from - the Radiys.of. 
che little wheel: But as theſe motions, or movements, are every: 
where equal; there-wiihbe -an Equilibrium. between the two 
equal powers.applied,. as-in the precedent example; which daes: 
not require. any long-explication after that which 1; have- feid:- 
of: other Engins..- © iS: Om nr oe ng 1, ruba:. 

There is only in this caſe one difficulty: for the conftrution 
of this Engin; for as it is, that the lircle wheel lays hold on. 
the arm of the Peſtle below, it the arm of the Axis, or Axle- 
tree, which carries the little wheel, be right or ſtreight, it ren- 
counters the curve before that the: little wheel rouches it; we 
muſt then bend ori'make crooked: the 'arm a-lictle, as the line: 
H K D ſhews.;-10'the'end that the, little wheel begin 'to-ren-. 
counter. the curve F N:N, when: its: center: B is in the line C. 
A: But as-it is.ditkcult; to make theſe forts of curves. H K D.; 
unkeis it be of Iron, we may alſo make to ferve/an arm. every. 
way. rightior {treight: which ſhall bear or carry-the center D of. 
the little wheel; but then. the arm.. muſt be double, and'the: 
little whecl. muſt be: applied berween two to the. end,  forithe: 

| crooked: 


Mechwitc Pookribt \ 


ehoobdeddavity the peſtle: F NN; WH paſs berwweerrthels* 1w0-- bt 
reight picces which bear The lirtle wheel. 97 oifrt 3 bpotihetem 7 * 
We muſt.obſerve- here; us itv-all the other Engins, that the 
little: wheel be ſmall; for wherr:theicrooked arm which itxen+s 
counter'of meets, ceafesro work: by aperpendicular line drawn 
fromthe Cefiter ofthe-dicls! wheeb40 the: curve, it.ought r0 
ceaſe ir itheRencounter, or diſcomihue::£0; meer: It;;; which is 
nor poſſible, becauſe it ſerves but!lone. partof the. Curve:8 
happens'then that the extream: of the arm : worxs. ſtil by-3ts 
point on the little wheel, in. making it rurn on its center until 
ir be entirely got-away, and in'che motion, the Equilibrium: be- 
tweet) the powers is'nor found-/any: more; which'is-a: defe&t in 
the Engin, which we-muft avoid. and-leffen by ings they bes 
tle wheelof a ſmall Dy P3) 21] "Ie i, 7 FOWL BD ohit ont 
E 19188 Hey ' : 47.47 a. y ge 
TY, PROPOS. [Ks | 


of the Length and | Diſpeſ Zion of - the F, ce of Wheel. 


Fig. 203} T Have already Atmrionſtrated, that it 58inor: notchey 
that the teeth be- equally. diſtributed on the wheel; 
when they are of 4 xegntlar>fignre-ro make: them: a@ equally 
one with rother ; for if we have but one, it will be as if we 
had more which work, the powers" applied to. theſe wheels 
a&t always in-the ſame'reaſon or proportion, the. one' With re- 
ſpect ro-the-other.' 'Bur' we: muſt take heed (that. when: one 
rooth' as ON L;-which 4s cut as'L, ceafes to-work: on the 'other! 
Tooth P'Z, "that 186 ſhy, when cheToneftant in L of the cuzvei 
O NL; is 1G TOachand; in the fame! 'point L'of the curvePÞZ.of 
the other cooth,! there muſt” be /prwo-brher already of: the-rwos 
wheels'which Work rogether ; for otherwiſe the extream L of 
the tooth N L' rencountring. {ill only. by the point 'L,the curye:' 
PZ! wiF not: be moved 'as-before;''and the motions af 'the* 
rwo wheels will not be equal berween” themſelves: Jr i£imot= 
poſlible in this caſe to reify the motion in ſeeking the figure 
which rightly agrees with the Teeth of the wheel. A, to: make- 
the point L work equally on the Tooth P Z;. for the point L. 
rencounters the Tooth P Z, in the ſame points where it alreg- 
dy is rencountred. by the curve N L. But when another tooth: 
begins to work,or hath workr already, when the poiat L ceaſes 
to work regularly on the Tooth PZ, the point L ceales alſo. 


LEP T TS FUCRRS : h. ' | 

{VICCORNNTCRS 0 7 5} \ Bprok- b 
MF = | , 4 , " | 7” "3. l 
<tebrh 'Þ ale this Wheel £0; which 


towentolmo hectebrh 'Þ'#Z ; ut becaile 
ris faſtned is moved. abwiayswith: an :£quailwiotion;by- the-ren-. 
_ .eourtes, or meeting; [of the tither: tectb:off tbe- wheel ©, which 

makes it 'go further than the; point I glove ſhowdd do, for thi 
awheeb A will have aþways hd fame ways: 25 i the: Tooth; Þ:Z 
ſhould be: rencountved; on mety by | the» tpixe ONE prongs 
ed, or lengthned; ther: the: point (Þ wil xemovic:; afde Hom 
the: tooth P:Z\) and they-wilh work-together:avly! {01 'tnyeh as 


they can. do. ir; regularly; which. 'is a gicar: advantage: 10c.an 


-t We ought alſo:to take haed that the Teeth:of-one whee) ren- 
counter .not-thoſe of the. ocher Wha)! above the poinss;; where 
they-odught to begin towork, i tbat R:to:ſay; tomnards: Gi above 
the line A C,which joins the centers:6f the: Whaels for! rhe rea- 
ſon of rubing or wearing, as I have already taken; notice of 
before,for the rubing&, which, are made of bodies, which go one 
. on another are always very great, and on the contrary thoſe 
thatiareihbde by: dipping, ane very; incopliderable,” wharefore 
'we ought to diſpoſe the Teeth in ſuch manner, that they 
sr92iible-nat; vor; hinder, one abethes/Þefors. they, hagig to- work, 
and -{thati cheve> be: ai aaaveniantlength: 3nd gepth ggven them, 
ſt powes: te: diſcogage themaſelyes :aably ghec. one from tho 
zz {07 hb 3.510 390505 9w HoAMAt (1-414 | 
We may. yet.note, 2$i have. done,! that. the paxt'of the tooth 
which works N06, may have what; figure-you-pkeale, and: tha 
we. ought only; to ſeek) thoſe wihhichgives: it moſt; conſtancy: or 
ſtedfaltnels; anti which may jerve fos diflyggagement, : Never- 
thekels iris l6fti &@ be done 125 workmen, tein he common 
diſcoveries of -giying r9-tecih; the ſame; figure: of-hoth . ſides, as: 
well:torinure-to. make theſerteeth. alt equal,- as t9: ſexye. alla to 
rhe motion of the Wheels, when, we way}d; make; them tyun, 
in atence comary i9ihe which is necflaz forthe vie of .the 
Fairs which: we arc Shlicged: to, fig 38 the: building, 
angiaking: often 190: peges, 1 od gon 1 ooo ew! 
© q11jor 2 ol : [1122351 --; TILES [19 bp” ; ff TY oe C342 
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Bis 2Frame,or Shas, if maringr of 8 ſquare kguze, which: 

A may move eaſily from C roward$B, and.'trom B, r0- 
wards C, being kept Within a'kind of bollow gutter of wood, 
In which 4 it moves' on _litcle wheels which are tafined to & pigge: 
beneath : In this Frame you haye two pieces of wood joined | 
at righe angles in G and in F,with-the pieces of the Frame A 
M, CB, and which are detained by 1wo Foods or braces from. 
the ſides. of the Frame,cithere muſt be alſo. in the two: other 
avgles of the:frare'two bonds or braces. in D and-in E, which. 
frye to-Rrepgrhen it; | |; | 

In the- middle af this Frame thee muſt be a Triangle of 
wood HI K, which is ſuſtained in the middle on a large piece: 
of Timber, or Axle-tree L, on which it. is well ſtayed, and: 
when this large piece of Timber, or Axle-tree,  turnes, the 
angles of the Triangle, which are furniſhe with 4mall: little 
wheels in I K H, :come to rencounter the pieges of word: G.F 
one after another, 'making.the frame A B ro: move from ane- 
kde 19 the other. in the hollow. .gutrer, by forcing i ic in G, and: 
afterwards in-F. 

Towards-the ends of the picges of wood AM, E B, there” 
wuſt-be:rwo rods of Iron,..as-M.By: which. muſt-be well fa- 
ned, which muſt bear two hands of iron N O, which Ay Ja: 
along theſe rods of Iron, where they are engaged at. one end,. 
and on. the other they are: well. taſted te one of: the arms of. 
the ſaw P. Whence it appears, that when the Frame is mo- 
ved, it makes the ſaws P to move which aze on the two fides: 
of the frame'; and. according as the faw works, Be Rahds. 
deſcend: by running. a long.che rod'MB. 

According.to the force of the power which: turns the RR, 
tree L, we. may apply may Triangles,. as H IK, which wyll: 
make- to: move ſo many Frames; as A B,;which: makes -TQ gp, 


LWICE AS many SAwWs. 
applied: to. the: angles: ofthe: 


The little wheels which are 
Triangle, and-which facilitate the .mation of. the: frame; are- 
of great uſe,, becauſethey take away the: tubipg; which would: 


, ” *. oy - 4 > iz, by : , y 3 ",_ i w. Os ag} + V3 - 
a « A © a, waa . x - , - , 4 . > F ———— 3 o ; : . 
wn  bagy7 FI \ A . i, +1 ' 
"F< pr l bg no A 250 o ” : . \ k 
0 #5 - ihe. . 5, \ , » i 
\ dy ry yo . Yo 4 - . av 
K * 4 yo GT y 45 . ' 
" M4 - s | 
- . p » ® * 7.» w 
. : * y oF ” * ; 6 "a 
£4 $i i: — BVre ® . , N 
> % < - : « d. % 
_ 4 | . \ fy 3, Q 
- - : 
_— | | wat | | - " 


;' Fig. 205. How tO mak 
'Pteces G F; from the centre-L, and with the'radius CL [, equal 
iro the diſtance Which is 'between the axis of the tree L of 
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be made againſt the picces G F, if there were none but the 
angles of the Triangle which) hit agaitiſt them. Bur although 
theſe lictle wheels are applied to the angles, the motion is ne- 


werthelefs nnequal ; and\ for to make ir:equal; it behoveth thar 


the faces of the piecos. G'F which are.rencountred, or-hir a- 
gainſt by the lictle Wheels, muſt be formed in a crooked line, 


Which 'is- demonſtrated and: explain'd albalong before! inthe 


Treatiſe of Epicycloids. fieuC7 JI moi 


£ % 
4 


ake the bending of | the face of the 


the Engin, and the centre: of the little wheel, having deſcri- 


'bed the circle I F, draw a part of the-Cycloid-1-S-0n the right 
*line-I-Q ; which touches the circle in: I, and - which: will be 
ithe 'baſe of the Cycloid, the circle I F being ithe generator, 
_ and the beginning of the Cycloid being in 1; then' on” all 


'the points of the Cycloid, as.a centre, defcribe' the circles R 


--which muſt be equal to the little' wheel, and you may-draw 
the lire RR, which will rouchall the circles.rowards the con- 
»vexty of the Cycloid. * The line R R will be the-bending of 
the thee of the pieces G F::. We ! may» prolong: the! line RR 


'T ownrds V, adding Toit a part'of the-right. line, even :to the 


-place'Where it is faſtned-in--the piece A M of the frame: You 


muſt- obſerve, that the little wheel: in working ought to ap- 
ply ir ſelf in the curve or bending RR, in the ſame manner 
"that the circles R R are- placed, that is to ſay, that the pieces 


-GF/ ought robe alittle more bending rowards the middle of 
4% i ee 11 64 A TN | 
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""'PROP'OS. XII 


To change the direttien of Motions, or Movements, by the 


means of toothed Wheels. ©: Fig. 206+ 


T Et the wheel be A B which terns on-a vertical-Tampin C, 


5 
Ly 


A. whole teeth are placed. perpendicularly on the plane of 
the Wheel. a 2h ER y 

2:/1F we would move this Wheel:A B Horizontally, : by :means 
of:the arm'D-E; ard-that' irs teeth: rencounter, and enter in the 
Spindles of che  Lamern'G: F, which: moves on its:Horizontal 
Fl ns Tampin 


%* 


de 


MN, of the Lantern. dgrona nts WAR on | 
 Alfo by means of an Horizontal motion we may Tar the 
weightP, whoſe Chord is wound about the Rol O)which hath 
its axle-tree common with ' that of the' Lantern F G | ff 

But if inſtead of the 'Lantern F G, whoſe ſpindles are pa- 
rallel to its axle-tree, we would-make another, as H I, whoſe 
Spindles are inclined to the axle-tree K L, in what angle we 
_ pleaſe; it is evident, that the horizontal motion of the power 

applied to the arm of the wheel, will be changed into a mo- 
rion inclined to it, in what angle one will about the axle-tree 

Only note, that the Spindles of the Lantern HI, which 
rencounter the teeth of the wheel A B, muſt find themſelves 
places horizontally in the rencounter,to the end, that they may 
be applied in the ſame manner, as if this Lantern were like to 
the other GF. | I Et rs » ah; | 


PROPOS. XII. Fig. 207. 


The deſcription of a Wind-mill, together with the Computati= 
04 of the force of the Wind on its ſails. 


THY are commonly of two ſorts, but they differ not bur 
in this, that in the one the whole body of the mill turns 
on a Tampin, to expoſe the ſails ro the wind ; in the other, the 
body is of ſtone, and none but the upper part turns to expoſe 
the ſails to the wind. In theſe the Lantern and the ſtones 
ought to be placed in the middle of the Tower, that the teeth 
of the Wheel in all their different Poſitions may rencounter 
always equally the Spindles of the Lantern. | 
AB is the great Axle-tree, at whoſe end the Sails are faſtned, 
and which ſerves for an axle-tree ro the Wheel C D. The 
ceeth of the Wheel C D enter into the Spindles of the Lantern 
E F, whoſe Axle-tree G H N is vertical, and which being 
ſtayed by the upper ſtone I K, makes it turn on that beneath 
L M, which is immovable. | 
- $0 that the vertical morion of the Sails, and of the Whe 1 is 
converted into the Horizontal motion of the ſtones. = n 
ON Mi & i The 
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whence you, may obſerve, that perhaps the ſtones make nor 
the whole, 


time, and by gonlequence the . fails will. alſo, make one.furn- 
ing abut in,s; teconds:, Therefore if the wind be to violent, 
We. abate one. part of the ſails. to reduce them from this ſwift- 
neſs. PET | | 


It 1s not likely that the ordinary manner of uſing the force 


of wind, to tyrn;the ſtones of mills is the moſt advantageous 


that is.pollible to:be found, which is that which hath oblieged 


many ative workmen to ſeek after, other ſorts of Mills to- 
the wind, and above all the Horizontal, - to the end thar the 


fails may be expoſed dircaly to the wind, and profic by all its 
force ; bur all theſe ſorts of inventions have not proſpered. 
We may perhaps believe that the. Wind-mills, fuch as we have 
ſeen were not made at firſt ſight in the perfeCtion that they 
are at prefent, but that the continual uſe which is made of 
them, hath made many defanks to be ſeen, which one amends 
afterwards. I | $7 
Behold the Computation of the force of wind againſt the 
fails of a mill, according to the inquiry which was made by 
Mr. Mariot, in his book of the Motion of Waters. 

Fig. 208. AB repreſents in- this Figure the Axis or Axle- 
cree of a turned Cylinder, and the Rule GH a croſs at right 
angles: And IL is another rule, placed perpendicularly on the 
firſt G H, and ftayed allo-in the Cylinder. MN OP is a ſmall 
thin table, even as the precedent Rules, which is likewiſe placed 


perpendicularly on the Axis A B, and Bias fo, that it makes: 


with it an angle of 45 degrees, and with reſpect to the Rule 
GH. ms eek 
If we. ſuppoſe now that one Caſt of water beat dire&ly 


againſt the Rule I L, towards the point Q, and thar-ic turns- 


the Cylinder according, , to the order of the letters 2 bc d, 
but that the weight R placed rowards the end H, of the Rule 
G H, makes an Equilibrium with the force-of the caſt. of. 
water Q, that is to. ſay, that it hinders the Cylinder from 
turning ; It is certain, that if..the ſame eaſt of water. bear 


againſt the Taple M O, alſq in the point .S, which being alſo. 


fo far removed from the Axis of the Cylinder, as the point Q 
| and 
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Snakes, ſo that cach.turning round of the Wheel, or of the 
alls, cauſes near 5 turnings round of the ſtones to be made; 


Or WOES one turning round, -ih, one Second of- 
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Book X.  Mechanick wg 
and that the dire&tion of . al Caſt PE\PEIPS | 
Table, it cannot ſapport the. weight-R; beca Th h 
will note according to the mation, of ) Tk ,. Whict 
3s 39 a plane perpendicular ro the Axis AB; but it it Fant | FT: 
that time ſupport that weight which 6 4 be to the weight 
as the ſide of a Square. to its Diagonal. 

Ard if the ſame Caſt 1s parallel ro the Axis A B, an nd that it 
hit againſt the Table M O 1n the ſame. point .S, j10-; miſt, ill 
diminiſh in its attempt in the ſame. Proportion, o the. hde- to 
the diagonal of a ſquare, becauſe that this Caſt falls obliquely 
againſt the Table under an angle of 45 5 degrees. 

It is then evident, that this double reaſon of diminution 
ought to reduce the weight R to its moyety, or half parr. 

Now the wind which beats againſt the ſails of a Windmil, 
beats, or blows, obliquely, and if it rencounters each ſail under 
an angle of 45 degrees, it follows.then from what hath been 
ſaid, that 'it will not have but a ,moyety of the force: which it 
would have, if it rencountred dire&ly, and if the ſail, be pla- 
ced on the Axle-tree, as the Rule I L on the Axis A B. If we 
ſuppoſe then that the whole force of the wind be as 8 0, it wall 
be redcuced ro 4 for theſe two cauſks. 

Bur there is.yet one cauſe of Diminution of the farce which 
c2mes from the ſame_obliquity, for it will haye a leſs breadth 


_ of wind which rencounters the ſurface of the fail, than if ir had 


been directly oppoſite, and this diminution will be ſtill in the 
{ame reaſon, or proportion, of the ſide of a Square to its dia- 
gonal, which will in the. end: reduce the, whole forcy of the 
wind meaſured by 80,.to.28 &. 

Bur if the obliquiry of the Fail; is leſs than 45 degrees, that 
is to ſay, if it is more expoſed to the wind, whereof we ſup- 

pole the direction parallel to the axis A B and that the angle 
S of 6& degrees on one fide, and 3o on the oppoſite, then the 
firſt cauſe of diminution reduces the force from 80 to the 
moyety 4o, but the rwo-othersunlike; for they reduce. not 'bur 
from 40 to 34 very. nigh; which gives us to underſtand, thar 
It is better thar the ſails of. windmils have this obliquity than 
thar of 45 degrees. 

By theſe ſuppoſitions of Mr. Mariots, if the ſwiftneſs of an 
indifferent wind.1s of 24 feet through each ſecond of time, as 
one may know by. experience ; one wing or ſail dire&ly oppo- 

cies 


fe ro the wind, and which hath 144 Fees in its * ſuper 


/ RT Es — Will 


, iP 4 
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in 


But if the ſail-have only 6 feet in breadth, and 24. feer in 
length, it will, have the ſame ſuperficies of 14.4 feet, a:d its 
"Centre will *be-alfo 12 feet fromthe Axis; . wherefore ir will. 
ſaſtain'as yer'the-210-pounds; having 1feer- of-diſtance from 
the Axis: But if the diſtance from the axis to the: Centre of 
the ſail is.of 15: feet; it: will ſuſtain 26+: poundsand =<. 

But: through” theſe three cauſes of diminution they- ſuppoſe: 
the. angle of thfe fails of: 60 degrees, with the Tree, or- Axis, 
where they are faſtned; the force of the wind reduces it ſelf. 

to ſuſtains ro1- pounds and- 2; having 15 feet of diſtance from 


the Axis:- And becauſe there are tour ſails, the force of the - 8 
windwill ſuſtain 407 peunds at the diſtance of 1 5 feet from the - Z 
Axis of the ſails. Py 

But:the ſemidiameter of the wheel being fuppoſed of four Th 


feet; if we make it as-4. tO 15, fo 407 ro 1526, this will be. 
the.number of the pounds' which meaſures -the force. of. the - 
wind againſt- the Spindles of. the Lantern, ' in the ſappoſition - 
that it makes 24 feet in one ſecond ; there is no regard of the 

rubing, or wearing, in all thefe Calculations: ll 

' In the. horizontal Mills you -cannot have about bur one ſail, . 
againſt which the Wind acts directly, and ir-muſt be made of- 
an extraordinary greatneſs, for to cauſe the ſame efte& as the is 
4 vertical fails of ordinary Mills,. as+ *tis eaſy to.-compute ty.” Fo 
the precedent Suppolttions. . EF Hats 
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Of Wheels, and of Lanterns, .with' their. Elbows, or. crooked 
Axes, for the. moving the-Suckers of Pumps. 


Tf the power turns -the wheel vertically, we muſt only: bend: 
L che ends of + its'Axis; as--you 'fee: here. in the figure. G H. . 
Bur if the motion of: the power be horizontal, as it.it-be: ap-- 
plied ro. the arm C D.of-an horizontal wheel AB, you muſt. 
adjuſt the. Lanterns. E F, fo - that. their Spindles' enter. MI 


Book X. Mechanick Powers, 709 
the teeth of wheel, and that their crooked axes may work the 
effect that we detire. 


© In each crook of the Axis you may put a kind of little ring: 
]. which is faftned to the end of the Iron of the ſucker K, fo thar 
in the motion of the Lantern, the crooks of the Axes raiſe them 
and let them fallalternatively,or by turns one after another,theſe 
raiſe and depreſs the Peſtles, or Irons, to which the Suckers 
are faſtned'in the body of the pump, this alſo makes it give one 
ſtroke of the Iron to each rurn of the Lanterns. 

' We may make the diameter of theſe Lanterns a fifth part: 
very nigh of that of the great: wheel, to theend, that for each- 
going round of the great wheel, the Lanterns may make five. 
But however commodious this Proportion-1s, we Will not 
make a Rule, becauſe it muſt have regard to the {wiftneſs of 
the power which may be too great for this proportion, and: 
which will move the Rods, or Peftles, too ntmbly. 


FRUPUS. Av. 


In toothed Wheels the number of Teeth muſt not contain ex- 
ally ſo many times the Teeth of the Pinions, or Spin- 
 ofles of. the: Lanterns towhich they are applied.. 


"His Rule concerns only the execution, and we ought to: 
have regard-to: make ir ſo, that the .ceerh of the wheels 
do not always rencounter the ſame teeth of the Pinions, for 
when they rencounter, or meet dilterent ones, they grow: 
perte&t in rubing! and*in ufing themfelves one againſt the o-- 
ther, and by degrees they make very nigh the figure which 
behoves them, for to aCt equally in their different rencountes,. 
and in the different lengths from their Axes, which is explain-- 
ed in the Freartife of Epicyclsids before. 

It behoves tor practice: this-Rule exactly, that the number. 
of the teerh' off the Wheels, and of the Pinions, muſt be.: 
Primes between themſelves, - that is to ſay, that- they do nor. 
admit of any other common meaſure than Unity, and fo the. 


ſame tooth: of the - little Wheel,” or Pinion, rencounters» nor. 
the ſame tooth of the great Wheel, but after that the. little 
one hath made ſo many reyolutions,. or. turns, as there are. 
teeth in the great wheel. TT RP 

: | Bur. 


Fd 
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Bur becauſe there js. but little difficulty to make one divi- 
fron of ewo prime numbers, we may make the number of 
teeth of the great Wheel ;- for example, of 48 or-60, and 
thoſe of the: Pinions of 6 or 8, and in the Mills,, the great. 


Wheel of 48 teeth, and the Lantern of ro Spindles, ro the 


end that the ſame teeth may meer as few times as is potlible ; 


for if the Wheel have 6o, and the Pinion 6, the leaſt num- 
bers which keep the ſame proportion will be 16 and r, 


Wherefore the ſame teeth of the Pinion of. 6, rencounter not. 


them of the Wheel bur after 10 revolutions ; and if the 


great Wheel have 6o, and the Pinion 8, the tecth of the 


Pinion rencounter not the ſame teeih of the Wheel, till after 
15 revolutions, becauſe that 15 and 2 are the prime Num- 
bers between themſelves, which expreſs the relation of 6o 
and $8: Laſtly, if the Wheel have 48 teeth, . and the Pinion 
or the Lantern «co, the teeth of the Lantern rencounter not 
the ſame teeth of the Wheel but after 24 revolutions, for 
che numbers 24 and g, .are the rwo prime numbers . which 
expreſs the relation between 48 and 1o, and 'tis this which 
makes us ſee that we cannot find a number of teeth which 
is more proper for the Wheel, and for the Lantern of Mills, 
for the divifion into 48 parts is ealy, and may be done very 
exactly, and that of 10 is commodious, and may be re- 
duced to 5. 


PRO POS. XVI. 


Of oblique and interrupted Movements, or Motions. 
Fir. T* the chord D of the weight Þ, be wound abour on 
2i0. 4 the roller .of the beam G, and that the chord F 


which ought to draw the little wheel E, by means of the 
pulley L, -on which paſſes the chord-F, 'for to go 19 faſten 
it to' the top of the liccle wheel 'E, |pailing alſo on another 


pulley I, -which is faſtned ro the top of the little wheel E, 
and which is ſtayed at laſt in M towards the pulley L ; 'tis 
evident, - that- when the. roller . turns round for to draw the 
chord F, it windes at: the ſame time the chord D, which is 
twiſted -on the roll: G, in a comrary- fence of. the chord F : 
| Bur if thechord F is twiſted on the roll G of 6 feet long, the 
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weight P: deſcends at the ſame tine from 6 feet high, and will 


alſo at the ſame time be raifed by thz motion of the little” 


wheel throughout the hollow ir runs 1n: | | $8 
Bur the Chord F having been drawn the kngrh of 6 feer,it 


will not make the little wheel to advance bur 3 feer; for as it 


paſſes through upon the pully I, and # ſtayed in M, it doth 


not advance the pully I, and the little wheel E, which are faſt- 

ned together, but the half of its movement, or motion. 
Wherefore when the chord F is twiſted on the Roll G of 6 

feer long, and that the chord D is alſo twiſted or wound a- 


bour -of 6 Feer in length, the littke wheel E will not have made 
bur 3 feet of its way; and by conſequence the weight P will 
not be raiſed up again, but 3 feet by the motion of the little 


wheel E; it appears then to be deſcended 3 feet, which is fo 
much as the little wheel hath made of way on the hollow 
groove, wherefore ir deſcends by this means by halt a right 
angle, or it deſcends ſo much as ir advances. 

Laſtly,if the chord D which is faſtned to the round beam,is 


all wound up, 'and that it begins to wind it felf about in the 


fame ſence as the chord F, then the weight P riſes again; but 


it riſes three times as much as it advances towards L: For if 
\ the chords D andF are wound abour of 6 feet on the Roll of 


the round beam, the weight oughr ako to be raiſed to the 


height of 6 feet by means of the chord D, and it ought alſo to 


be raiſed 3 feet by means of the little wheel-E which draws 
it, and which paſſes over: 3 feet, while that its chord is drawn 


6 feet ; then the weight will be raiſed 9 feet while that it runs 
over 'only 3 feet in tength, which is the motion of the. little: 


wheel E. 
But when thechord Dis wholly wound of the round beam, or 


cyclinder, and that the weight begins to riſe, if you make- 
a ſtop to-the chord Fas in R, in place which it paſſes ar that 


time over the palley I, ſo that the cord cannot any more turn 


on the pulley,the ſame thing will happen-as if it were faſtned- 
at the top of the little wheel-E, and the weight will he raiſed- 
6 feet, by: the motion of its chord D, and 6 feetby the motion 
of the little wheel E,it will then have run over. 6-feet in- length- 


hanging, while it is raiſed 12 feet. 


Now if the parts of the Roll of the round* beam on- which: 
the cords. D and-F are wound, are of different diameters, ir: 
will make the movements.or motions, different,and ur different. 


pro. 


Da 
= 


 ', 
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proportions of thoſe which.I.come to explain; bur ir, will be 
eaſy to determine. them, the Diameters being given, or elſe, 
the motions being propoſed, it will be eaſy to find the Diame- 
ters of the Roll which will ferve them. 

We may- alſo. by the ſame. means make it ſo, that onepart of 
the.way of the weight ſhall be Horizontal, and-the other part - 
riſe or deſcend perpendicularly, or obliquely, which requires 
no long Explanation ; I ſhall ſay no more of circular motions 
in riſing,or deſcending, ſeeing they only depend or belong to 
the figure of the hollow groove. There isn an all thefe motions 
many little cautions to be obſerved, which muſt be I-ft ro the 
anduſtry of the Artificer. | 1 bo 
We may alſo make many motions different and oppoſite the 
one to the other, with one and the ſame morion, by the means 
of pulleys, referring from one to another which Change the-di- 
reCtion of the motions, which ſerve chicfly to make the changes 
of the Decorations, or Ornaments, of the two wings of Thea- 
tres; for one axis only A ( Fig. 211.) Which bears the Tam- 


'A( 
bours,or Cylinders:B C, of different diameters, coming to turn 


by means of a counter poiſe, or weight, makes to advance to- 
wards the middle of the. ſcene beneath the Theatre, the falſe 
frames or ſhaſhes D, which bear or carry the Ornamentsor De- 
corations by the means of the chords CE, BE, which are faſt- 
ned to theſe ſhaſhes, or frames, and which are wound abour 
on the Tambours in a contrary ſence: Theſe ſame ſhaſhes D 
advancing, and thoſe of. G retiring at, the ſame time, whoſe 
place they take, by means of one or two chords I, which are 
faſtned to theſe two ſhaſhes, which paſs above the pulleys thar 
refer from one to another H, which are thoſe in the walls of 
the two fides. The motion ot way of theſe two ſhaſhes will 
be more or leſs according to the proportion of the Tambours, 
or Cylinders, which bear rhe cords of their motion. 
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PROPOS. XVI. Pg an 
\. How to raiſe a weight by as oblique motion.” 


I 
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Et.the weight be P which is to be raiſed obliquely: from P 
L to A, the Engin which ſerves for the movement being ar 
| the height of A 7 FEE TE rd a OT 
3 Make ahollow groove A'B ednpoſed of two pieces of wood 
0 which are only rembved'one from another, ſo'much as to leave 
room for the chord to paſs freely which/ſuſtains the weigtit P, 
: and which muſt-be- placed- Horizontally ; the: chord CB H 
q which ſuſtains the weight P, is ſtayed firmly in C towards the 
F end B of the hollowing, and paſſes in the overture- between 
he two pieces of wood of which *tis made ; it paſſes alſo a- 
# bovethe little-wheel E compoſed of three-pieces, viz. of two 
7 little wheels,or rollers,2t-its ends, and'of one: pulley betweeh 
bo two, on which-paſſes the chord CD H. Towards the end A of 
the hollow groove there is a Cylinder, or round beam G with 
its arms foro draw the cord F, which is faſthed ro the top I 
of the little wheel. Cobain Ott tn 
*Tis caſy to behold by the'conſtruion. of this: Engin, - that 
when'thechord-I F-draws'the littl&wheel E fromBrowards A, 
the weight Þ raiſes obliquely, or aMlafit, from'H to'A; and: that 
the elevation of the weight P'will be-<qual'to-the length-of the 
hollow groove AB. rate Ws +010 0G 
We. may alſo makeit that the Elevation of the weight P ſhall 
be in what proportion we pleaſe with its Horizontal way: ; for 


7 


Example, that the-weight Þ be tated 2o feer hanging, while it 


" ” 


paſſes over 60 feer Horizonrally, " 
For this effect we may place the motion of the chord F, which 
draws the little wheel E from B towards A at the end B of 


the hollow groove with a pulley towards A. 
id - "Allo the round beam, or Cylinder, being placed towards B 
7 which draws the chord F;wilt adyance the lictle wheel'from B 
4 towards A. Bur then it will chute the cord .C D H which 'ſu- 
y Fins the weightP to he twiſted onthe roll of the round beam, 
and that it will not be faſtned immoveably 'in the point C, as 
7 before ; the place of the roll where iris twiſted; muſt have its 
diameter ſmaller than ' the ſatne where it twiſts the cord. F, 
'When the Cylinder makes th Tor. whey E to advance anthe 
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of the part. of: the roll of the, round beam- where the chord F 


winds about, fo the diameter of the other part wherethe cord: 


D. 1s twiſted, or wound abour, ought to be-as the, Horizontal 


way toithe difference of the two: ways, which is: the ſame as 


Go to 40,0r as 3 to 2. For then when thechord F draws (forex- 


ample): the little wheel -E on-the; hollow groove through rhe 
ſpace of..6 feet,, rhat part of. the roll-wherethe. chord D is twiſt- 
ed-will have wound: yg. feet;,, and by: conſequence the weight. 
P will not be raiſed as;yer hut: 2: feer,- although it have run 0- 


ver 6 feet of Horizontal-motion.. * ©, 


It will be the ſame thing for any- other proportion of Ele-. 
vation ;. only we muſt Note, that if we would have the weight: 
P. make a greater motion in. height than in length, for exam- 
ple, if we would have.it riſe zo. teet- hanging, while it runs o- 
ver but 10-feet. in: length or: Horizantally,;;it-behoves that. the 
diameter. of. the. roll for the. chord'F be made to the diameter of 
that- part of the roll. for the chord-D, as-10,which is the Hori-- 
zontal way, to the difference 2o of the rwo. ways. For if to- 
each bout of. the Cylinder the chord F make 3 feet of way, the- 
cho1d D will-make g, fox,the cixcumferences of the rolls are in 
the ſame reaſon or. proportion-as their diameters; and.by con- 
ſequence the weight Þ. riſes 6: feer, becauſe of the diameters of. 


the parts of the roll, and it riſes ſtill 3 feet in the. ſame. time, 


Which is equalta the Horizontal motiun. 
_ Asto.the {wiftnels of: the we may. give it what we 
pleaſe, for it- the cylinder cannot: draw the.chords which. make: 
the motion with ſo much ſwiftneſs as we require, it muſt be 
done. by means of. a counter. weight very. heavy, which we 
may. raiſe t0 an. height. equal: to. the Horizontal. motion, and: 
having faſtned this counter weighttaa chord wound. about on: 
the roll, where the other. chords which ſerve to the motion are. 
likewiſe twiſted; but: in a contrary ſenſe, when we let looſe 
Ne counter weight. it. will turn: the-roll-with a great ſwift- 
nel, Ky Guan 


# - 2 ve 


Asto.the {wiftnelſs of: the motion w 


* s 


We. commonly: moderate this.motion by. means of.a chord, 


which-ſerves to make the tricker,or detainer, and which being . 

 applied-againſt any body where it {lips and retains afterwards, 
 withthe hand we may let it looſe to ſuch a proportion of ſwift- 
_ neſs. as; we. would give. tothe Engin. . Eh 6 Re 
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hollow groove,and then the chord D will be twiſted in a 'con- 
trary ſence to that of the.chord..F, to.the end that it may. wind! 
off, as the*other twiſts abour. 'The* proportion of the diameter 
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 Thisſame tricker,or detainer, ſerves alſo to render the .moti, 
-on equal, which will otherwiſe be very unequal becauſe of 
the acceleration of the counter-weight in deſcending. . . 

When one chord ſerves it felf,, of many which are: placed 
one from another for to: raiſe the ſame: weight, ar which is 
the ſame thing, which ſuſtains it in ſeveral places, ctheremuſt 
be inſtead of the lictle wheel E, a ſhaſh or frame of wood,uſed 
as M M, in-which there muſt be rolls, as N, which ſerve with 
the pulleys to paſs the chords above, theſe rolls turn on their 
Axes which enter in the long pieces of the ſhaſh or frame. This 
ſhaſh muſt run along on the two pieces of the hollow groove, 
being drawn through the hook O where we faften the chorg 
which ſerves to its motion ; but ir behoves that the ſhaſh be 
kept on the hollow grooves thar it fall not from one fide tothe 
other. 

We: may alſo: inſtead of the hollow grooves, make onechord 
only.ito ſerve, being well ſtretched 'our, on which muſt. paſs 
a pulley; as R, which ſuſtains another S, -which ſeryes ro ſu- 
ſtain the chord of hanging motion which the pulley R runs a- 
long in, in rouling on the chord which ſerves for the hollow 
groove. OI PIER 0 | 

I ſhall not ſay any rhing concerning the manner of making 
theſe hollow grooves, and their detainer in different places rv 
render them ſolid, becauſe ir belongs to workmen, which 
work in Carpentry or Joynery. . "IE : 

We may alſo make of theſe ſorrs of movements which croſs 
themſelves wichour trouble or confution, for if one ſerves to 
the ſhaſh, as I have explained before, it is eaſy to ſee that the 
hollow grooves may be cur and interrupted in any place in a 
ſmall ſpace of 4 or 5 inches, which may ſerve for the palling 
of the chord which fſuttains the weight, which moves ir ſelf 
with a ditferent motion from that which,is borae on the hollow 
groove Which is cut, without which the motion of the weight 
will be hindred ; for che ſhaſh having uslong pieces ſupported 
on thoſe of the hollow groove, it may paſs caiily above the 0- 
verture of the hollow groove. Y a9 

'Whar I have ſaid concerning the railing of Weights, may be 
applyed to their deſcent. K. 


6-4-2644 


G4, : Fj 
A : "a th 
» Þ » , feY 
o 
L - .- CD 
03. 
Woe z F 
Y 
& \ 
: *%& 
nu 
i!0 
.. . Ti 
; 
a. | - by 
4* * 


"Spheres, "I 


Srruments,, aid Books,” mac 


London. 


i \Lobes 24. Inches. Diitiweee: The: price _ this patr... 
TJ Globes near ri5 Inches Diameter, The price 4./.. 

Globes 9 -Inches-Diameter.. The price 2/.. 5.5. 

Globes 2 Inches Diameter. The price 2/.. 

The Engl, 


Earl of Caz/tlemazn, 12: Inches Diameter:; 'the: Price ordinary. 
made up 31. beſt made up 5k. - 

. Concaue ” Hand/aaves" of the Stary | Orb; which ſerves-for- a 
Caſe to the Terreftrial Globe 3 Inches. Diameter, ' made portable 
for the Pocket, price 15 « 

Spheres, accordin 2 to the Prolomaick Syſtem; 14 Inches Dia- 
meter, price 3:/. 

\ "Spheres, according: to the Prolomaick Syſtem 8. Inches: Diame- 
ter, Prices. r4,.105. 

Gunter's Oxadrant 12 Inches Radius, Printed /on Paper, and: 
paſtedion a- Board,” "with a Nocturnal on the back-ſide, price 

ops 
, Gunter $ Qnadiant 4. Inches Radius, Printed- on Paper, and: 
paſted on Braſs, with a. NoRurnal on the. 'back-ſi de,. and a. 
wooden Caſe covered with Leather hc for it, A new Inventi-. 
on contrived for the Pocker, / prices s. 

A large Map- of the World, 10: Foot long, andi7 Foot deep, 
paited on n Cloth and coloured: price 2 /.. 


A Map of all the- World, 4 foot. long and 3, foot. deep; paſted- | 


on Cloth and coloured, price 10s. in Sheets 25. 64. 


- Sax Scriptural aps, 1. Of all the Earth, and how after ' the: 
Flood ; it. was divided. among the Sons of Noah. 2. Of. Paradiſe. 
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- The. 4o Years Travel of the Children of '/-ae! through the 
Wilderneſs. 4. Of Canaan, or the Holy Land, and how it was 
divided among the Twelve Tribes-of 1rael, and.travelled thro" 
by our Saviour and his Apoſttes. 5. The Travels: of St.Pawul and 
others of the Apoſtles, in-the propagating the-Goſpel. 6. Fe- 
»uſalem, as it ſtood in our Saviours time, with.a Book of Expla- 
nations to- thefe Map, Entituled; Sacred Geography, price of 
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' K Tutor to Aſtronomy and Geography, or-the Ulſe of the Globes: 
/ \ [Celeffial and Terreſtrial; by Foſeph Moxon, A member of 
the Royal$ociety,. and Hydrographer tothe King's moſt Ex-- 
cellent Majeſty, Price 5 5. | ;- 1 
The uſe of the Copernicaw Spheres, teaching. to- ſolve as the: 
Phenomina by them, as &Mily as:by the Prolomaick Spheres: By 
Foſeph Moxon, &c. price 45 _ | 
Fright's Correetion of Errors in the Art of Nawigetion, p. 8 s.. 
An Exact Survey. of the 'Microcoſm,. being an. Anatomy of the 
Bodies of Man and Woman, wherein the Skin, Veins, Nerves, 
Muſcles, Bones, Sinews, and Ligaments are.4ccurately deline- 
ated.: Engraven on large Copper Plates, Printed-and curiouſly 
_ paſted together, ſo as art firſt ſight you-may behold all the Parts 
of Man and Woman ; and-by turning up ſeveral  Diflections of 
_ the Papers, take a.view of all their inwards, with Alphabetical. 
References to- the Names. of. every -Member and part of the 
Body : Set forth in Latin by Remelius and Michael Spaher of 
Tyrol, and Engliſhed by: Fobn, Ireton Chyrurgion; and laſtly, 
peruſed' and corrected by ſeveral Artiſts: Now corrected by: 
Clopton Havers, M.'D.. and Fellow of the Royal Society, price 
plain 15 s. Coloured 1/. ro s. | 
A Tutor to Aſtrology, or Aſtrology made eafie, Price 2 5. 
The Uſe. of. a Mathemarical: Inſtrument called a Quadrant, 
+ -'- 1} 4 Et, 
Mechanick Exerciſes :' Or, the. Doctrine of Handy Works, in. 
nine. Monthly Exerciſes.. The Firſt Three, wiz. N a :. 
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 Nunib. 11. Numb... teaching the Art of 'Smithing, The'Ses = 
cond Three, viz. Numb. IV. Numb. V. Numb. VI. teaching 
the Art of Fonery. The Third Three, «viz, Numb. VH. Numb. 
VIII. Numb: IX. teaching-the Art of Hoſe Carpentry. Accom- 
modated with - ſuirable- Engraved Figures, -by Foſeph Moxon, 
&c. price of each Monthly Exerciſe 64, — vt 
Mechanick Dyalling.; Teaching any man, though of an ordi- 
nary Capacity, and unlearned-in'the. Mathematicks, to .draw 
atrue Sun-Dyal en any 'Given Plain, however fituated ; only 
with the help of a ſtraight rule and a pair of Compaſſes ; and 
without any -Arithmetical Calculation,by Fof. Moxon, p. i s. 6 d. 
Mellificium Menſionis : Or, the marrow..of meaſuring com- 
priſed in 6 Books -with Cqpper” Plates,''/ſhewing a .new and 
ready. way of Meaſtring, Carpenters, Bricklayers, Plaſterers 
Joyners, Glaziers and Painters works, and all Superficies and 
Solids, price bound 3s. 64. . RA SE 
Ar the place aforeſaid, you ;may have alſo all manner of 
Maps, Sea-plats, -Drafts, Mathematical Books, Inſtruments, 
ec. at the lowelt prizes. : Te Wits 
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